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PERICARDITIS 
I. CHRONIC ADHERENT PERICARDITIS 


HARRY L. SMITH, M.D. 
AND 
FREDRICK A. WILLIUS, M.D 


ROCHESTER, MINN. 


Adherent pericarditis is acknowledged to be one of the most difficult 
cardiac conditions to diagnose, and this statement is confirmed by 
analysis of records of necropsies. In relatively few cases is the con- 
dition positively identified while the patient is alive. 

Numerous reasons exist for this inaccuracy of diagnosis. Foremost 
among them is the clinician’s lack of suspicion regarding the possible 
existence of the disease. There may be complete absence of symptoms 
and signs, and this obviously renders identification of the disease impos 
sible. The didactic overemphasis on so-called characteristic signs has 
gone far toward frustrating correct diagnosis, for in reality such signs 
exist in relatively few cases, and their absence often influences the 
clinician against committing himself. The occurrence of associated 
disease entirely unrelated to the cardiovascular system may so dominate 
the clinical picture that attention may be exclusively centered on the 
principal disease. Likewise, associated disease of the heart may appa- 
rently satisfactorily explain the patient’s symptoms, and thought of 
additional pathologic change in the heart is summarily dismissed. 

This investigation was undertaken with the foregoing facts clearly 
in mind, to determine, if possible, additional data and correlation that 
might be instrumental in more accurate diagnosis of a hitherto elusive 
disease. 

MATERIAL 

The records of necropsies of the Mayo Clinic were critically studied, 
and among the 8,912 cases, 373 cases of pericarditis were found, an inci- 
dence of 4.2 per cent. The incidence in this group is considerably 
smaller than in those previously studied and reported on. Wells. in 
1,048 cases examined post mortem, found pericarditis in 11.3 per cent; 
Locke,? in 3,683, demonstrated pericarditis in 16.6 per cent; Musser 


From the Section on Cardiology, the Mayo Clinic 

1. Wells, H. G.: The Pathology of the Healed Fibrous 
Pericardium, Am. J. M. Sc. 123:241 (Feb.) 1902. 

2. Locke, E. A.: The Occurrence and Diagnosis of Pericarditis, Boston M. 
& S. J. 175:590 (Oct. 26) 1916. 
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and Herrmann,* in 1,720, found pericarditis in 17.7 per cent. In the 
15,363 cases examined post mortem, just mentioned, pericarditis was 
found to occur in 1,406, an incidence of 9.2 per cent. 

In the series from the Mayo Clinic, adherent pericarditis occurred 
in 144 (that is, in 38.4 per cent of the cases of pericarditis). These 
144 cases form the basis for this study. 

Sex and Age Incidence.—Males predominate in our series. There 
were one hundred males (69.4 per cent) and forty-four females (30.6 
per cent). This observation is borne out by previous studies. Musser 
and Herrmann in their study of forty-six cases of adherent pericarditis 
recorded that these occurred in males only. 

A greater number of patients were in the later than in the earlier 
periods of life; sixty-eight (47.2 per cent) were in the sixth and 
seventh decades. One hundred eight patients (75 per cent) were 
between the ages of 30 and 70 years, the most productive period of life. 
The youngest patient was 2 years of age, had extensive parietal adhe- 
sions, and died of heart failure. The oldest patient was 85 years of 
age. The average age for all was 48.8 years. 

Etiologic Conditions.—Definite etiologic diseases were determinable 
in seventy-three cases (50.7 per cent). Rheumatic fever occurred with 
greatest frequency; it was present in thirty-one cases (21.5 per cent). 
Rheumatic fever may have been an influence in other cases and not 
recognized, for previously identification of rheumatic fever rested chiefly 
on the presence of articular involvement, which is now known not to 
be a constant accompaniment. 

Intrathoracic infection occurred next in frequency ; twenty-five cases 
(17.4 per cent) were recorded. 

Cardiac infarction occurred in nine cases (6.2 per cent). It is a 
condition that ordinarily is not accorded much consideration as a cause 
of adherent pericarditis. It is well known, of course, that cardiac 
infarction is frequently complicated by localized pericarditis overlying 
the region of myocardial destruction, a sterile inflammatory reaction. 
With healing of the infarct and recovery of the patient, the pericardial 
involvement resolves in the usual manner, with the result that a con- 
siderable portion of the pericardial sac becomes obliterated by fibrous 
adhesions. 

Syphilis occurred as a possible etiologic disease in only four cases 
(2.8 per cent). In two of these cases, aortic aneurysm was present; 
in one, a dissecting aneurysm, with ultimate rupture into the pericardium, 
and in the other, a saccular aneurysm of the ascending portion. In both 


cases, the pericardial involvement could possibly have resulted from the 


3. Musser, J. H., and Herrmann, G. R.: Chronic Pericarditis: The Clinical 


and Experimental Aspects, J. A. M. A. 87:459 (Aug. 14) 1926. 
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mechanical effects of the aneurysms, whereas in the remaining two 
cases it is possible that some other infectious process may have been 
causal, although syphilis was the outstanding disease in the production 
of cardiovascular injury. The pericardial cavity was only partially 
obliterated in all of these cases. 

Neoplastic invasion of the pericardium, with resulting pericardial 
reaction and partial obliteration of the sac, occurred in four cases (2.8 
per cent). The invasion occurred through metastasis in two instances : 
in one case from a sarcoma of the stomach, and in the other, from a 
sarcoma of the left ovary. In two cases, the pericardium became 
involved by direct extension of a contiguous malignant tumor. A 
primary carcinoma of the left lung invaded the pericardium in one case, 
and an intrathoracic lesion of Hodgkin’s disease in the other. 

The intrathoracic infections comprised the following conditions: 
chronic obliterative pleuritis with involvement of the pericardium in 
fourteen cases (56 per cent), in two of which tuberculosis was present ; 
chronic empyema with pleural and pericardial involvement in six cases 
(24 per cent) ; chrone mediastinitis in three cases (12 per cent) ; miliary 
tuberculosis with extensive invasion of the pericardium in one case (4 
per cent), and purulent bronchitis with pulmonary abscesses in one case 
(4 per cent). 

There were seventy-one cases (49.3 per cent) of adherent peri 
carditis in which definite evidence of etiologic diseases was not found. 
It seems probable that in numerous instances apparently trivial infections 
take place that result in acute fibrinous pericarditis ; these conditions are 
not recognized at the time of their occurrence ; they undergo spontaneous 
abatement, and ultimately result in partial or complete obliteration of the 
pericardial sac. 

PATHOLOGIC DATA 

The cases were divided into three groups according to the character 
of the pericardial involvement. 

The pericardial sac was completely obliterated in fifty-three cases 
(36.8 per cent). In seventy-nine cases (54.9 per cent) the sac was 
partially obliterated, but in all of these instances to a considerable degree. 
The remaining twelve cases (8.3 per cent) were characterized by the 
presence of fairly extensive parietal adhesions to the surrounding 
structures. 

Well marked calcification of portions of the pericardium occurred 
in fifteen cases (10.4 per cent). This phenomenon is probably the 
end-result of inflammatory disease. Case * stated that in such cases almost 


4. Case, J. T.: Pericarditis Calculosa: Report of a New Case Discovered 
Roentgenologically, J. A. M. A. 80:236 (Jan. 27) 1923 
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without exception the visceral and parietal layers of the pericardium 
are united by a plastic process. In the present study, however, the 
pericardial sac was only partially obliterated in eight cases in which 
calcification was well marked, whereas the obliteration was complete 
in three. Calcification of the pericardium, evidenced in the life of the 
patient by means of roentgenography, has been reported by several 
authors, whose names will appear in the bibliography of a later article 

Weight of the Heart—The weights in 107 cases (74.3 per cent) 
were available for study. Two cases were excluded from our computa- 
tions, owing to inclusion of a greatly thickened pericardium in one case 
and inclusion of a metastatic growth in another. In table 1 are given 
the cardiac weights in the 105 remaining cases, grouped according to 
100 Gm. spreads. In 87.7 per cent of the cases, the weights of the 
heart were in excess of normal. According to the studies of Smith,* 


Taste 1.—IJW eight of the Heart in the One Hundred and Five Cases in Which 
It Was Known * 


Weight, Gm. Cases Percentage 
100-199. . 
200-299. . 
300-399... 
400-499. . 
500-599... 
600-699... 


900-999..... 


* Average cardiac weight, 478.1 Gm. 


the average normal weight of the heart of the adult male is 294 Gm., 
whereas the average normal weight of the heart of the adult female 
is 250 Gm. The average weight of the heart in the group of cases 
under investigation was 478.1 Gm. The minimal weight of the heart 
was 135 Gm., whereas the maximal weight was 950 Gm. 

If the cases are analyzed according to the three major pathologic 
groups, (1) complete obliteration of the pericardial sac, (2) partial 
obliteration of the pericardial sac and (3) parietal adhesions, ver) 
interesting differences in average cardiac weights appear (table 2). 

These data in general are in agreement with those of Musser and 
Herrmann, who obtained average weights, in the three groups, of 
536.6 Gm., 443 Gm. and 384 Gm. It must be remembered that the 
presence of cardiac hypertrophy in many of the cases was not solely 
the result of adherent pericarditis, for associated cardiac lesions existed 
that were also responsible for the increase in mass of muscle. 


5. Smith, H. L.: The Relation of the Weight of the Heart to the Weight of 
the Body and of the Weight of the Heart to Age, Am. Heart J. 4:79 (Oct.) 1928 
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Associated Cardiac Disease. \ssociated disease of the heart 
occurred in seventy-seven cases (53.5 per cent). Lyter,® in a study ot 
thirty cases of chronic pericardial adhesions, called attention to asso 


ciated cardiac conditions. 


The disease that occurred most frequently was coronary sclerosis ; 


this was well marked in the thirty-one cases (21.5 per cent) recorded 


Complete Partial 
Obliteration, Obliteration, 
42 Cases 7 Cases 
Weight, Gm. yf Per Cent Cases Per Cen 

100-199... 

900-299... 

300-399... 

400-499.... 

500-599... 

600-699... 

700-799.... 

SOO-899... 

900-909... 


Average wWeight.. 


Taste 3.—Data Concerning Seventy-Seven Cases of Adherent Pericarditis 1m 
Which There Was Associated Cardiac Disease, Together with Sixty-Seven 


Cases in Which There Was Chronic Adherent Pericarditis Only 


Average Car 
diac Weight, 
Pathologie Diagnosis Gin.t 

{2.8 


Coronary sclerosis 
478.1 


Rheumatie heart disease (mitral stenosis) 
Hypertensive heart disease... 

Rheumatie heart disease (aortic 

Aortie syphilis .. 

No associated cardiac disease... 


* The percentage is calculated on the basis of 144 (77 + 67). The total percentage of cases 
in which there was associated cardiac disease was 53.5. 

+ The average weight of the hearts in all cases in which there was assoc ated cardiac 
disease, in which the weight of the hearts was known, was 536 Gim 


in table 3. The average degree of involvement was graded 3. Hyper- 


tension was present in eight of these thirty-one cases, healed cardiac 


infarction in five, recent cardiac infarction in four and the myofibrosis 
of gradual circulatory obliteration in four. This is not a complete 
record of all conditions associated with coronary sclerosis; for instance, 
some cases of rheumatic heart disease might be mentioned in this con 
nection, but they are not, because the same cases are mentioned in 
the consideration of conditions associated with rheumatic heart disease. 
6. Lyter, J. C.: Incidence, Associated Pathology and 
Chronic Pericardial Adhesions, Am. J. M. Sc. 159:891 (June) 
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Taste 2—Weight of the Heart in All One Hundred and five Cases m Which 
It Was Known. Classified on the Basis of Degree of Obliteration 
f Pericardial Sa 
Parietal 
Adhesions, 
6 Cases 
t Cases Per Cent . 
Pe 472.7 Gm 06.5 Gm 251.2 Gn 
4 
cy). 6 4.2 27.6 801.0 
4 28 0.0 
67 4. 17.5 4 4 
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‘The pericardium was completely obliterated in eleven of these thirty- 
one cases and partially obliterated in eighteen ; parietal adhesions existed 
in two of them. The lowest cardiac weight was 230 Gim., and the 
greatest cardiac weight, 900 Gm. In order to determine the influence 
of hypertension on cardiac weight, the average weight of the hearts in 
the eight cases with hypertension was compared with the average weight 
of the hearts in the remaining twenty cases of coronary sclerosis. The 
average weight of the hearts in the cases with hypertension was 657.1 
Gam.; in the cases without hypertension, +97.1 Gm. It must be recalled 
that the presence of adherent pericarditis materially influenced the 
cardiac weights in these groups. Also, Smith and Bartels * and others 
clearly showed that the heart that has survived infarction for a con- 
siderable period may increase its muscle mass. In the cases of healed 
and chronic infarction taken together, the average cardiac weight was 
557.3 Gm., a figure greater than the average for the entire group of 
cases of coronary sclerosis. The age incidence of the cases of coronary 
sclerosis was of wide range; the youngest patient was 31 vears of age, 
and the oldest, 85 years. 

Rheumatic heart disease with mitral stenosis occurred next in order 
of frequency. The associated lesions in this group comprised one case 
each of the following: coronary sclerosis, graded 2; aortic insufficiency ; 
aortic and tricuspid insufficiency, and aortic stenosis and hypertension. 
The pericardial sac was completely obliterated in nine cases and_par- 
tially obliterated in fifteen cases; parietal adhesions were present in one 
case. The average cardiac weight was as it 1s given in table 3. The 
minimal cardiac weight was 280 Gm., and the maximal weight, 800 Gm. 
The youngest patient in this group was 10 years of age; the oldest, 73. 


Hypertensive heart disease occurred in eleven cases (7.6 per cent). 


Complete obliteration of the pericardial sac was present in two cases, 
and in nine cases the obliteration was partial. The smallest heart 
weighed 300 Gm.; the largest, 930 Gm. The youngest patient was 
22 vears of age, and the oldest, 66. 

Rheumatic heart disease with aortic insufficiency oceurred in six 
cases (4.2 per cent). Five patients had associated mitral disease, 
although the aortic lesion dominated. In three cases there was complete 
obliteration, and in three, partial obliteration of the pericardial sac. 
The minimal cardiac weight was 832 Gm., and the maximal weight, 950 
Gm. The weights of the hearts were greater in this group than in any 
other. The voungest patient was 6 vears of age, and the oldest, 58. 


7. Smith, H. L., and Bartels, E. C.: Coronary Thrombosis with Myocardial 


Infarction and Hypertrophy in Young Persons: A Report of Two Cases with 
Necropsy, J. A. M. A. 98:1072 (March 26) 1932. 
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\ortic syphilis occurred in only tour cases (2.8 per cent). These 
cases comprised one of aortitis with aortic insufficiency, one of dissecting 
aneurysm of the thoracic aorta with rupture into the pericardial cavity, 
one of aortitis and one of aortitis with aortic insufficiency and a sac 
cular aneurysm of the ascending aorta. The pericardial sac was only 
partially obliterated in all cases. The lowest cardiac weight was 500 
Gam., and the greatest, 600 Gm. The youngest patient was 38 years of 
age, and the oldest, &1. 

Adherent pericarditis as the only cardiac disease occurred im sixty 
seven cases (46.5 per cent). The pericardial cavity was completely 
obliterated in thirty cases (44.8 per cent). The obliteration was only 
partial in thirty-one cases (46.3 per cent), and parietal adhesions 


existed in six cases (8.9 per cent). The relationship of average cardiac 
| 


Paste 4.—IWVcight of the Heart in the Forty-Four Cases in Which It 


of the Stxty-Seven Cases in Which Adherent Pericarditis W: 


Cardtac Disease Present, Classified 


Obliteration of the 


the Basts of D 
Pertcardial Sa 


Complete Partial 
Obliteration, Obliteration, 
19 Cases 29 Cases 
Weight, Gm. ‘ases Per Cent Cases 

100-190... 

200-290 

300-399. . 

400-499..... 

500-590. . 

600-699. . 

700-799... 

800-899. . 


weights in these major pathologic groups (based on degree of oblitera 
tion of pericardial sac) differs from that in the earlier portion of this 
paper, when the cases were analyzed regardless of associated cardiac 
disease. On recalling those figures (table 2), it is found that. the 
greatest average cardiac weight occurred in the cases with partial oblitera- 
tion of the pericardial sac (506.5 Gm.). In cases in which the sac was 
completely obliterated, the average weight of the hearts was less (472.7 
(gm.), and in cases in which parietal adhesions existed, the smallest 
average cardiac weight was found (251.2 Gm.). However, when 
uncomplicated cases of adherent pericarditis are considered, cases in 
which other cardiac diseases capable of producing cardiac hypertrophy 
were not present, this relationship no longer obtains. There was prac- 
tically no difference between the average weights of the hearts in cases 
in which the pericardial sac was partially obliterated, and in cases im 
which it was completely obliterated (table +). In cases accompanied by 
parietal adhesions, however, the average weight of the hearts was lower. 


The latter group comprised only three cases, which permits a large el 


ree f 
Parietal 
Adhesions, 
83 Cases 
t Cases Per Cent 
66.7 
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ment of error, but the average weight is in general agreement with the 
larger series of cases. These figures indicate that the mechanical ettect 
on cardiac hypertrophy of partial obliteration of the pericardial sac does 
not materially differ from that of complete obliteration. However, a 
considerable difference in effect is evident so far as parietal adhesions 
are concerned. It seems proper to conclude that complete and partial 


obliterations of the sac interfere with the action of the heart to a far 


greater degree than do parietal adhesions. The youngest patient of 
those with uncomplicated adherent pericarditis was 2 vears of age, and 
the oldest, 73. The average age was 47.8 years, as has been seen in table 
3. This closely approximates the average age of patients with asso- 
ciated cardiac disease, which was 47.1 years. In the cases in which 
adherent pericarditis was the only cardiac disease, and in which there 
was partial obliteration of the pericardial cavity, the fluid content was 
either increased in amount or altered in character in eighteen (22.7 
per cent) of the cases in which the amount of fluid present was recorded. 
Clear fluid was found to be present in quantities varying from 40 to 
1,000 ce. in six cases; pus was present in four cases, varying in amount 
from 5 to 300 ce., and the fluid was turbid or bloody in the remaining 
eight cases. 
CLINICAL FEATURES 

It is significant that in a group of 144 cases of adherent pericarditis 
in which necropsy revealed well marked involvement, only fifty-seven 
patients (39.5 per cent) presented complaints that made the heart the 
major issue in the clinical picture. This relatively small incidence is 
additional testimony to the fact that comparatively asymptomatic adher- 
ent pericarditis frequently exists, and is additional explanation of why 
many cases are overlooked in the course of the lives of the patients. 
Those patients who presented outstanding cardiac symptoms were to a 
large extent those who had associated cardiac disease. Of the fifty- 
seven patients, forty-seven (82.4 per cent) had associated cardiac dis- 
ease, whereas only ten (17.6 per cent) had adherent pericarditis without 
any other pathologic condition of the heart. Only three cases of poly- 
serositis were found in the entire group of fifty-seven. Among these 
cases in which cardiac symptoms and findings predominated, rheumatic 
heart disease with mitral stenosis occurred in nineteen cases. Other 
diseases in order of frequency were coronary sclerosis, sixteen cases: 
adherent pericarditis only, ten cases ; rheumatic heart disease with aortic 
insufficiency, six cases; aortic syphilis, four cases, and hypertensive 
heart disease, two cases. 

The eightv-seven cases in which adherent pericarditis was but an 
incidental, practically asymptomatic condition comprised a very miscel- 


laneous group. Carcinoma was the outstanding disease in twenty-seven 
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of these cases (31 per cent) ; nephritis, in eight ; sarcoma, in six ; 
cystitis and septicemia, each in tour; benign prostatic hypertrophy, 
pulmonary abscess, empyema and tuberculosis, each m three; tumor 
of the brain, adenomatous goiter with hyperthyroidism, ulcerative colitis, 
hepatic cirrhosis, chronic arthritis, ventral herma and in ial obstruc 
tion, each in two; perforated peptic ulcer, purpura hemorrhagica, caleult 
of the urinary bladder, psychosis, salpingitis, pernicious anemia, Hodg- 
kin’s disease, trifacial neuralgia, diabetes mellitus, bronchiectasis, ec 
hemorrhage and pneumonia, each in one, 

There were no physical signs that occurred with sufficient uniformity 
to permit of their being considered characteristic of adherent pericardi 
tis. Murmurs frequently occurred, but their time, quality, situation 
and transmission were not unusual, and they were largely present in 
cases with associated valvular disease. Pericardial friction rubs were 
audible in only eight cases. 

Briefly reviewed, some of the signs that have been said to be char- 
acteristic of adherent pericarditis are as follows: 

1. Kussmaul’s* sign. The veins of the neck may fill during inspira- 
tion, accompanied by inspiratory diminution in the size of the pulse, 
and at times by absence of some beats during inspiration (pulsus para- 
doxus). This phenomenon ts very occasionally observed. 

2. Friedreich’s® sign. By this is meant collapse of the veins of 
the neck, diastolic in time. This is not uncommon in heart failure 
resulting from various causes. 

3. Broadbent’s?® sign. This consists in visible retraction of the 
back in the region of the eleventh and twelfth ribs, synchronous with 
cardiac systole. This sign, when present, is characteristic of parietal 
adhesions. 

4. Cooper’s*? sign. This sign is elicited by determination of the 
length of time it is possible for the patient to hold the breath im 
inspiration, and, five minutes later, the same for holding the breath in 
expiration. Normal persons, it is said, can hold the breath in inspiration 
for from forty to seventy seconds, and in expiration for from twenty 
to twenty-five seconds. In case of heart disease, the values are said 
to be inspiration twenty-five seconds, and expiration fifteen seconds. In 


8. Kussmaul, A.: Ueber schwielige Mediastino-Pericarditi 
Puls, Berl. klin. Wehnschr. 10:433 (Sept. 15) 1873. 

9, Friedreich, N.: Ueber den Venenpuls, Deutsches Arch. f. klin. Med. 1:241 
(Nov.) 1865. 

10. Broadbent, W. H., and Broadbent, J. F. H.: Heart Disease, with Special 
Reference to Prognosis and Treatment, ed. 3, New York, William Wood & Com- 
pany, 1900, p. 249. 

11. Cooper, C. M.: The Respiratory Ratio: A Preliminary Note, J. A. M. A 
52:1182 (April 10) 1909. 
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cases of mediastinal and pericardial adhesions, a paradoxical ratio is 
said to occur, namely, inspiration nine seconds, and expiration twenty- 
five seconds. 

Roentgenography.—The heart was examined roentgenologically in 
fifty-four cases (37.5 per cent). Varying degrees of cardiac enlarge- 
ment were found in thirty-four cases (62.9 per gent). There did not 
appear to be any characteristic contour; this, in part at least, was 
because the majority of patients subjected to this method of examination 


had associated cardiac disease, and the contour of the heart would 

naturally show the effect of the given lesion on the myocardium. 
Electrocardiography—When extensive fixation of the heart occurs, 

particularly by mediastinopericarditis and parietal adhesions, probably 


the most constant electrocardiographic feature is fixation of the 
electrical axis as shown by Dieuaide.'* 


Taste 5.—Electrocardiographic Findings in Forty-Nine Cases 


Adherent Pericarditis Adherent 
and Associated Pericarditis 
Cardiae Disease, Only, 
Findings Cases Cases 
Auricular fibrillation ...... 10 s 
Auricular flutter 
Extrasystolie arrhythmia 
Complete heart block..... 
Delayed auriculoventricular conduction. 
Incomplete bundle branch block 


Ilectrocardiograms were obtained in forty-nine cases (34 per cent). 
Auricular fibrillation was the most frequent disorder of rhythm, occur- 
ring in eighteen cases (table 5). In three other cases in which electro- 
cardiographic study was not made, auricular fibrillation was present, 
making its incidence in the entire group 14.5 per cent. This figure may 
be less than the actual incidence, for it is possible that arrhythmia may 
not have been mentioned in some of the earlier cases in which it 
occurred. It occurred in eight (80 per cent) of the cases in which 
adherent pericarditis only was present. The other findings are tabulated 
according to their occurrence. The incidence of significant T wave 
negativity in the cases of adherent pericarditis unassociated with other 
cardiac disease was high. In four of these cases there was T wave 
negativity in all leads. 

The amplitude of the deflections in thirty-eight cases was carefully 
studied, and in general there was a lowering of amplitude of both the 
R and the T waves.** In all cases in which measurements were carried 


12. Dieuaide, F. R.: The Electrocardiogram as an Aid in the Diagnosis of 
Adhesive Pericardial Mediastinitis, Arch. Int. Med. 35:362 (March) 1925. 
13. Normal amplitude of R wave = 10, 15 mm.: T wave = 3, 8 mm. 
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out, the greatest diminution ocurred in lead III. In cases in which 
obliteration of the pericardial cavity was partial, on the one hand 


and, and 
cases in which it was complete, on the other, no appreciable ditterences 
in amplitude occurred. The average amplitude otf the IT waves was 
small in all leads. The figures were as follows: in lead I, 3.05 mm 
in lead II, 3.25 mm., and in lead II], 2.86 mm. ‘The R waves were 
similarly relatively low: the average in lead | was 7.15 mm.; in lead 
II, 7.22 mm., and in lead III, 6.21 mm. 

Mode of Death—The heart was directly concerned with the death 
of the patient in fifty-seven cases (39.5 per cent). The predominant 
svndrome was that of congestive cardiac failure; it was recorded in 
thirty-nine cases (08.4 per cent). In twelve cases, death occurred 


very suddenly, and among these were nine cases of coronary disease. 


TABLE 6—Comparison of Data in Cases in Which Death Was Caused Heart 
Disease, with Those in Cases in Which It Was Caused | 


vy Other Condittons 


Death from Cardiac Disease Death from Other Causes 


Average Aver- Average Aver 
Cardiac age Cardiac age 
Predominant Cardiae Condition, in Per Weight, Age, Per Weight, Age, 
Addition to Adherent Pericarditis Cases Cent Gm. Yr. Cases Cent Gm. Yr. 
Rheumatie heart 
stenosis a 19 76.0 489.6 31.6 
Coronary sclerosis ve: ae 51.6 719.9 57.0 
Rheumatic heart disease 
Aortic syphilis : 100.0 550.0 
Hypertensive heart disease.. ’ 18.1 700.0 
No cardiac disease other than adherent 
pericarditis 


24.0 435.0 
45.4 451.7 


14.9 619.0 


Total and average.. 


Detachment of mural thrombi resulting in fatal emboli occurred in four 


cases. Two patients died from subacute bacterial endocarditis ( Strepto- 
coccus viridans ). 


Differences in data become evident when the essential findings in 
those cases in which patients died of heart disease are compared with 
those in cases in which the cause of death was unrelated to the heart 
(table 6). 

The average weight of the heart among the patients who died of 
heart disease was 625.7 Gm., whereas in the group in which death was 
not related to heart disease, the cardiac weight was 411.6 Gm. The 
difference is 214.1 Gm. This appears to be important, and emphasizes 
the fact that the presence of a large heart is a significant prognostic 
sign. The average age of the patients who died from heart disease was 
9.3 years less than that of the patients who died from other causes 
The respective averages were 43.1 years as opposed to 52.4 years. 

It is significant that 85.7 per cent of the patients with auricular 
fibrillation died of heart failure. Likewise, both the patients with 
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incomplete bundle branch block and those with complete heart block 
died as the result of heart failure. 

Causes of death that were not concerned with the heart were as 
follows: Carcinoma, twenty-four cases; pneumonia, eight; nephritis, 
sarcoma, empyema and pulmonary embolism, six each; pyelonephritis 
and peritonitis, five each; septicemia, tumor of the brain, pulmonary 
abscess and ulcerative colitis, two each; perforated peptic ulcer, adeno- 
matous goiter with hyperthyroidism, intestinal obstruction, psychosis, 
meningitis, cerebral hemorrhage, pyemia, purpura hemorrhagica, perni- 
cious anemia, hepatic cirrhosis, diabetes mellitus and Hodgkin's disease, 
one each. 

COMMENT 

It becomes evident from this study that adherent pericarditis does 
not manifest its presence by a syndrome, nor by characteristic signs. 
The diagnosis of adherent pericarditis must be developed by composite 
analysis of symptoms and signs, each carefully considered and weighed 
in relation to the others. 

Careful determination of etiologic factors demands considerable 
emphasis, and at times may be the only positive clue to identification of 
adherent pericarditis. The history of rheumatic fever should at once 
arouse suspicion, likewise the history of intrathoracic infection, healed 
cardiac infarction and intrathoracic cancer. The elicitation of symptoms 
indicative of previous pericarditis is, of course, almost positive evidence 
of partial obliteration of the pericardial cavity. 

The presence of a large heart, in the absence of valvular lesions, of 


hypertension, of evidence of previous elevation of blood pressure, and 
of a clinical history that would indicate previous cardiac infarction, 
should at once suggest the possible existence of adherent pericarditis. 


The presence of so-called classic signs of adherent pericarditis should 
receive full consideration, but their absence does not in any way justify 
failure to diagnose the disease. The presence of other cardiac disease 
does not minimize the probability of adherent pericarditis being present ; 
in fact, it may frequently increase the probability of its existence. This 
is particularly true in rheumatic carditis. Only too often, identification 
of a cardiac lesion causes the examiner to believe that he has satisfac- 
torily explained his patient’s symptoms. This is detrimental to complete 
diagnosis, for it is almost the rule that cardiac lesions are multiple. 

Fixation of the heart, as determined by physical examination and 
roentgenography, is important in identification of mediastinopericarditis 
and parietal adhesions. Unfortunately, so far as diagnosis is concerned, 
these cases are in the minority (8.3 per cent), and this sign fails com- 
pletely in the majority of cases. The status is the same with regard to 
electrocardiography ; fixation of the electrical axis is virtually confined 
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to the same group of cases. The presence of R and T waves of low 


amplitude in the electrocardiogram is suggestive of adherent pericarditis, 


but their occurrence in other diseases of the heart is well known and 
they cannot, therefore, be considered pathognomonic. 

We wish particularly to stress the necessity for the development of 
a clinical sense of suspicion regarding the existence of adherent peri 
carditis in all cases of surmised or actual cardiac injury, and we are 
led to believe that adoption of such an attitude will distinctly decrease 
the large diagnostic error that prevails at the present time. 


SUMMARY 

One hundred and forty-four cases of adherent pericarditis in which 
the patients came to necropsy at the Mayo Clinic were studied with par- 
ticular reference to clinical and pathologic correlation. 

A marked predominance of the incidence in males occurred. Etio- 
logic diseases occurred in the following order: (1) rheumatic fever, 
(2) intrathoracic infection, (3) cardiac infarction, (4) syphilis (cer- 
tainly present, possibly etiologic) and (5) neoplastic invasion. ‘The 
weights of the hearts were determined in 105 cases. The pericardium 
was partially calcified in fifteen cases (10.4 per cent). 

Associated cardiac diseases occurred in seventy-seven cases (53.5 
per cent). These in order of frequency were: (1) coronary sclerosis, 
(2) rheumatic heart disease with mitral stenosis, (3) hypertensive heart 
disease, (4) rheumatic heart disease with aortic insufficiency and (5) 
aortic syphilis. 

The predominant clinical syndrome was referable to the heart in 
fiftv-seven cases (39.5 per cent), and was in no manner related to the 
heart in eighty-seven cases (60.5 per cent). The latter comprised a 
miscellaneous group of diseases. 

Death from heart disease occurred in 39.5 per cent of the cases, 
whereas the heart was not directly concerned with death in 60.5 per 
cent. 


PERICARDITIS 
II. CALCIFICATION OF PERICARDIUM 
HARRY L. SMITH, M.D. 
AND 


FREDRICK A. WILLIUS, M.D. 


ROCHESTER, MINN. 


Calcification of the pericardium, also called “pericarditis calculosa. ° 
“concretio pericardii,” “armored heart” and so forth, has been described 


by pathologists for many years. Scholz* mentioned that Morgagni 


published a report of a case of calcification of the myocardium in 1762, 
that Bordenave described a case in 1768, and that Simmons and Watson 
in 1783 published a report of a case, with an illustration. Schwartz, 
in 1910, was probably the first to recognize this condition in the course 
of the life of the patient; he employed roentgenologic methods. 
Groedel * described a case in 1912 in which he made the diagnosis 
before death. A review of the literature by Case,* up to 1923, disclosed 
that in thirteen instances the condition had been recognized in the 
course of the life of the patient. Since Case’s review, there have been 
reported in the literature twenty-one additional cases in which the 
diagnosis has been made in life,® a total of thirty-four cases so diagnosed, 


From the Section on Cardiology, the Mayo Clinic. 
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and, as will be seen, we have such case 
of calcification of the pericardium in which 
were reported in the literature, up to 1924. 

The present study is drawn from the following materi 
in which the presence of caleitication of the pericardium 


necropsy, and one case in which it was proved clinically. 


four cases are mentioned in which there was clinical evidence of eal 
tion of the pericardium, but in which its presence was not 
\mong the fifteen subjects who came to necropsy, twelve were males 


ind three, females. The youngest subject was 24 vears of age, and the 


oldest, 84. The average age was 48.6 vears 


PATHOLOGIC DATA 

Chronic adherent pericarditis was present in all fifteen cases in which 
necropsy Was performed. These were the only cases of calcification of 
the pericardium in 144 cases of chronic adherent pericarditis found in 
the course of 8,912 postmortem examinations. This is a somewhat 
higher incidence than that found by Wells;° he found four cases of 
calcification in 128 cases of adherent pericarditis, in 1,000 postinortem 
examinations. Chronic mitral endocarditis was present in four instances 
\ortic and mitral endocarditis, aortic, mitral and tricuspid endocarditis 
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syphilitic aortitis with aortic insufficiency, and coronary thrombosis with 
cardiac infarction occurred in one instance each. 

The weight of the heart was recorded in twelve instances, and the 
average cardiac weight was 584 Gm. In two cases, the hearts were 
apparently of normal size. The pericardial sac was completely obliter- 
ated in eight instances and partially obliterated in seven. 

Chronic pleuritis was present in four instances ; hydrothorax in four; 
pulmonary infarction in two, and pyothorax in one. Evidence of tuber- 
culosis was not present in a single case of the fifteen. In only four 
instances was there any significant pathologic change in the liver. In one 
of these, there was pigmentary cirrhosis of the liver; this was a case of 
hemochromatosis. In two cases there was “atrophic cirrhosis,” and in 


one chronic passive congestion of the liver. 


Fig. 1 (case 1 of the fifteen summarized).—Anterior aspect of the heart. The 
calcified pericardium is partially separated from the heart. 


The degree of calcification varied from involvement of a few areas 
to involvement of the entire pericardium, with the exception of a small 
portion at the apex. This extreme condition was present in case 1 
(figs. 1 and 2). In case 2, the pericardium was calcified moderately 
throughout, except at the apex. In case 3, the pericardium was calcified 


throughout, except a small area over the posterior surface of the right 


auricle. A brown, inspissated mass of old blood was partially calcified. 
Two mitral cusps contained rather marked deposits of calcium. In cas 
4, there were large, calcareous plaques over the right auricle and right 
ventricle. The aortic and mitral leaflets contained calcareous deposits. 
In case 5, there was a circumferential band of calcareous material in 
fibrous adhesions, just above the base of the heart. In case 6, there was 
extensive calcification posteriorly ; one plaque measured 4 cm. in diam- 
eter. In case 7, there was an area of calcification on the posterior and 
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lateral surface of the left auricle ; it measured 2 by 4 cm., and was 2 mm 
thick. In case &, there were calcified adhesions between the apex and 
the pericardial sac, and calcified areas on the anterior and posterior sur 
faces. In case 9, numerous calcified areas 1 by 3 em. in diameter were 
found on the anterior surface of the ventricles. In case 10, fibrous 


adhesions with areas of calcification were present. In case 11, there 


Fig. 2 (case 1 of the fifteen summarized).—Postmortem roentgenogram of the 
heart. Calcification is generally distributed. 


were numerous areas of calcification in the pericardial adhesions and 
calcification in leaflets of the mitral valve; the chordae tendineae, also, 


were calcified. In case 12, adhesive pericarditis with areas of calcifica- 


tion was seen. In case 13, there were calcified areas in the superior 


and right aspects of the pericardium, one of which was 5 em. in diameter 


and 5 mm. thick. In case 14, there was a calcified mass, 1 by 2 em. in 


diameter, on the upper portion of the pericardium, reflected onto the 
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pulmonary artery. In case 15, there were several calcified areas on the 
right ventricle, each about 12 by 7 mm. in diameter. 

There were several instances in which there was deposition of calcium 
in regions other than the pericardium: in three of these, marked deposits 
of calcium were found in the mitral valve; in one, in the aortic valve, 
und in one, in both the aortic and mitral valves. In one case, there were 
numerous gallstones, multiple calculi in the pancreatic ducts and multiple 
plaques in the diaphragm. Stones previously had been removed from 
the urinary bladder in one case. Marked coronary sclerosis occurred 


In two instances, and excessive aortic sclerosis once. 


CLINICAL DATA 

Roentgenograms of the thorax had been made in five of the cases 
in which necropsy was performed. In three of these instances, the heart 
was reported to be moderately enlarged, and in one, greatly enlarged ; and 
in one the transverse diameter of the cardiac shadow was 18.5 cm. But 
in none of these fifteen cases was calcification of the pericardium recog- 
nized prior to necropsy. 

In tive of the fifteen cases, electrocardiographic studies were made 
Auricular fibrillation was present in three cases, and significant changes 
in the T wave, in two. Ascites was present in four cases, in two of 
which it was present in marked degree, and in two, in moderate amount. 

There were ten cases in which failure of the heart was the primary 
cause of death. The death of five patients was due to causes other than 
cardiac failure. 

The diagnoses relative to the heart in eight cases were: chronic 
adhesive pericarditis, myocardial disease with cardiae failure, myocardial 
insufficiency, cardiac failure and syphilitic aortitis with aortic insuff- 
ciency, each in one case, and chronic rheumatic mitral endocarditis with 


mitral stenosis and insufficiency in three cases. The clinical diagnoses 


in the other seven cases were : bronze diabetes, carcinoma of the stomach, 


perforation of gastric ulcer, cirrhosis of the liver, carcinoma of the 
jejunum, perforation of the rectosigmoid and pyelonephritis. 


In six of the fifteen cases there was a fairly definite history of 


rheumatic fever and in one case syphilitic infection was present. 

\s has been said (paragraph 2), there were four cases in which 
there was clinical evidence of calcification of the pericardium, bu 
which it was not proved. Evidence of calcification was found onl 
incidentally. The patients had no symptoms that 


heart. Two of them had chronic infectious arthritis: 

of the colon, and one, chronic cholecystitis with stones. In 

cases, roentgenologic examination revealed chronic bronchitis and 
] 


fibrosis, and 


calcification of the margin of the pericardium; in one, 
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infiltration of the bases of both lungs and caleification of the | 
of the pericardium; in one, a linear shadow of the lett border of the 
heart, probably caused by calcification of the pericardium, and in one, 
bilateral tuberculosis with a small cavity and calcification of the left 
border of the pericardium. 

In paragraph 2, we stated that in one of our cases calcification of 
the pericardium was proved in life. This case will now be reported im 
detail. 

REPORT OF CASI 


\ man, aged 45, came to the Mayo Clinte 1 


of medical significance to tell regarding Ins blood relatives 


eighteen years, but his wife had not been pregnant. When he was 8 ye: 
age, he had scarlet lever. In 1997, he was examined tor stal service and was 


told that his heart was “not quite all right.” He had influenza in 1918, underwent 


operation for hydrocele in 1921, and had influenza again in 1921.) However, In 


general health was good until eight years before he came to the climic; at that 
time, his ankles and legs began to swell. Soon after the onset ot these symptoms 
he noticed some dyspnea on climbing stairs and on severe exertion. These symp 
toms gradually increased in severity. In the tew years betore we saw him, he 
had an occasional pain in the lower left part of the thorax. He had experienced 
some palpitation. In the few months before his registration, he gain in weight 
He had been able to continue his work in a bank 

Examination disclosed that the patient was well developed and well nourished 
Che blood pressure was 110 mm. of mercury systolic and 70 diastolic. The pulse 
rate was 100 beats each minute, and was totally irregular. The temperature was 


98 F. Moderate dyspnea and considerable cyanosis were present. The veins in 
the neck were distended. Broadbent's sign present There was 
passive congestion at the bases of both lungs. Ascites was marked, 


was edema of the lower extremities. Cardiac dulness was. slig 


Heart tones were distant, of poor quality and totally irregular 
Urinalysis gave essentially negative results 
and the number of erythrocytes were sli 
reaction of the blood was negative 
Roentgenologic examination (fig. 3.4) 2 evidence of old ¢ 
lower right portion of the thorax, with rather marked retraction of 
part of the right lung, with some pleuritic adhesions electroca 
disclosed that the cardiac rate was 74, and that auricular 
The Q-R-S complex was slurred in lead I] and notched 
evidence of slight right ventricular preponderance, and the 
Ill was inverted. A diagnosis was made of chronic ad 
ongestive cardiac failure. The patient was placed in the he 


failure, and abdominal paracentesis 


lor congestive cardiac tf: 
straw-colored fluid was removed Ammonium nitrate and 
were administered to bring about diuresis, and the patient was 
hospital twenty-two days after his admission, greatly improved 
The second admission of the patient was in 1930, one 
findings were about the same as they were on his previous 


congestive failure was more marked, and the heart was more 
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(fig. 3B). He was again placed in the hospital, on the same treatment as before 
He underwent another abdominal paracentesis, and this time 11,000 cc. of straw- 
colored fluid was removed. He was dismissed thirteen days after admission, prac- 
tically free from fluid, and his condition again was greatly improved. 

The third admission was in 1931, one year after the second visit. In the 
interim, the patient had undergone abdominal paracentesis twice; 14,000 cc. of 
fluid was withdrawn one time, and 16,000 cc. another time. The patient’s condi- 
tion at this time was worse than it had been at any previous admission. The 
findings were essentially the same, but congestive failure was more marked, and 
roentgenologic examination of the thorax and especially of the heart (fig. 3 
gave evidence of extensive calcification of the pericardium that had not been rec- 
ognized on previous admissions. The patient was dismissed eleven days after 
admission, but with only moderate improvement. 


Fig. 3 (case reported in detail) —A, roentgenogram taken 
there is a small area of calcification along the left border of 
i 


B, roentgenogram taken in August, 1930; the area of calcificatior 


1 


COMMENT 

Wells found the composition of calcified material to be nearly con- 

stant regardless of where the material is formed in the body. He found 

the composition to be 86 per cent calcium phosphate, 13 per cent calcium 

carbonate and 1 per cent magnesium phosphate. Barr * found deposits 
of calcium to be affected by a large number of factors, such 


diminished blood supply, formation of necrotic tissue, degree of alkalin- 


itv of blood and tissues, the amounts of calcium and phosphates in the 


body, concentration of the blood, and presence and amount of vitamin ( 


and of parathyroid hormone. 


Pathological Cal n, J. Missouri M. A. 27:593 (Dec 
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Hewitt * has called our attention to the story of “Ethan Brand” by 
Nathaniel Hawthorne, which contains a vivid description of the death 
of the main character, who had a “heart of stone.” The description ts 
so vivid that one wonders if Hawthorne knew of a case. If not, it would 
be interesting to know the source of the tale. We feel that the Story 


is so unique and so relevant that part of it is well worth quoting. 


“With his long pole in his hand, he ( Bartram) ascended to the top 
of the kiln. After a moment’s pause, he called to his son. 

**Come up here, Joe! he said. 

“So little Joe ran up the hillock, and stood by his father’s side. The 
marble was all burnt into perfect snow-white lime. But on its surface, 
in the midst of the circle, snow-white too, and thoroughly converted 
into lime, lay a human skeleton, in the attitude of a person who, atter 
long toil, lies down to long repose. Within the ribs, strange to sa 
was the shape of a human heart. 

“Was the fellow’s heart made of marble?" er 
perplexity at this phenomenon. 

“*At any rate, it is burnt into what looks like special good lime ; and, 
taking all the bones together, my kiln is half a bushel the richer for him.’ 

“So saying, the rude lime-burner lifted his pole, and, letting it fall 
upon the skeleton, the relics of Ethan Brand were crumbled into frag 
ments.” 

SUMMARY AND CONCLUSIONS 

Sixteen proved cases of calcification of the pericardium are con 
sidered; in fifteen of these cases, the diagnosis was established at 
necropsy, and in one case, in life. All of the sixteen patients had exten 
sive chronic adhesive pericarditis. The diagnosis made in life was 
accomplished by roentgenologic examinations. Tour other clinical cases 
are described, but the findings were not sufficiently striking for them to 
be classified as proved cases. The single etiologic factor that affected 
the largest number of patients was rheumatic infection. ‘Tuberculosis 
was not present in any one of the proved cases; it was present in one 
of the four unproved cases. It would appear that calcification of the 
pericardium is a sequel of extensive chronic adhesive pericarditis and 
is an end-result of the same inflammatory process that produces chronic 
adhesive pericarditis. It is not a common condition, for it was found 
in only 15 of 144 cases of chronic adherent pericarditis found in the 
course of 8,912 postmortem examinations. Recognition of deposits of 
calcium in the pericardium by means of roentgen rays may be an aid in 
making the diagnosis of chronic adhesive pericarditis, which condition 
is extremely difficult to recognize. 

8. Hewitt, R. M.: Nathaniel Hawthorne’s Report of a Case of Pericarditis 
Calculosa, J. A. M. A. 98:68 (Jan. 2) 1932. 


PERICARDITIS 
III. PERICARDITIS WITH EFFUSION 


HARRY L. SMITH, M.D. 
FREDRICK A. WILLIUS, M.D 


ROCHESTER, MINN. 


Under normal conditions, the pericardial sac contains a small amount 
of fluid, varying in quantity from 10 to 50 cc. The fluid is clear and 
light amber in color. In the presence of disease of the pericardium, or 
of congestive heart failure, the pericardial fluid may become altered in 
character and increased in amount. The alterations in the organism 
in cases of pericarditis with effusion are of one, or both, of two sorts: 
(1) a mechanical handicap is imposed on the heart by the presence of 
considerable fluid, and (2) if the effusion is the result of pericardial 
infection, there is sepsis or toxemia. 

Pericardial effusion frequently is not recognized in life, and it has 
been stated that amounts of less than 150 ce. usually defy detection. 
This is, of course, not difficult to understand when one realizes the 
opportunity for concealment of fluid in the pericardial sac, if obstruct- 
ing, adhesive processes are absent. The tendency for fluid to gravitate 
occurs here, as elsewhere, and therefore the fluid changes its position, 
depending on the patient's posture. Even moderate excess of fluid may 
be concealed when the patient is recumbent, because it gravitates to the 


posterior portion of the sac. When fluid 1s present in an amount com 


pletely to fill and distend the pericardium, its recognition ts usually not 
difficult. 


MATERIAL 

Cases in which the amount of pericardial fluid was more than normal, 
or in which the fluid, irrespective of its amount, was altered in character, 
were selected for this study. There were 113 such cases, or 30 per cent 
of the cases of pericarditis in which necropsy was performed at the 
Mayo Clinic. The cases were grouped in the following manner: acute 
purulent pericarditis, seventy-seven cases (68.1 per cent of all cases of 
pericarditis with effusion); fibrinous pericarditis with effusion, thirty 
cases (26.5 per cent); tuberculous pericarditis, three cases (2.7 per 
cent), and noninflammatory effusion, three cases (2.7 per cent). 

The predominance of the incidence in males was similar to that noted 
in the study of adherent pericarditis. Seventy-eight of the cases 
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occurred in males (69 per cent) and thirty-five in females (31 per cent) 
The patients represented practically all the decades ot lite Lhe 
youngest patient was aged only 8 months, whereas the oldest patient was 
aged 89 vears. The average age was $3.5 vears. The majority of the 


patients (72.5 per cent) were between the ages of 3 70 vears 


ETIOLOGY 

In considering the etiology of pericarditis with effusion, it ts neces 
sary to take up the cases in groups corresponding to the classifications 
viven in the second paragraph preceding 

Acute Purulent: Pericarditis.—Septic processes were the basis ot 
purulent pericarditis in all of the seventy-seven cases Intrathoraci 
infectious disease was apparently the primary condition im fifty-seven 
cases (74 per cent of the cases of acute purulent pericarditis ), whereas 
sepsis elsewhere in the body occurred in twenty cases (26 per cent) 

Thoracic empyema occurred with greatest frequency. It was present 
in twenty-eight cases, and was associated with bronchopneumonia m 
eleven cases and with lobar pneumonia in two. Bronchopneumonia 
without empyema occurred im ten cases, acute nontuberculous pleuritis 
in five, and multiple pulmonary abscesses and mediastimits each in tour 
cases. Other conditions which occurred less frequently were abscess ot 
the liver with rupture into the pericardium in two cases, one of which 
was due to actinomycosis ; pulmonary emboli with necrosts and infection 
in two cases; hepatic abscess with suppurative cholangeitis and thoracie 
extension, and carcinoma of the lung with abscess, 1n one case ¢ ach. ‘The 
remaining twenty cases resulted from: remote sepsis, and included such 
diseases as gangrenous appendicitis with rupture, puerperal endometritis, 
scarlet fever, abscess of the brain and so forth. 

Fibrinous Pericarditis with E ffusion—These thirty cases were chat 
acterized by the presence of nonpurulent fluid im excessive amounts, of 


by normal amounts of fluid of altered character. This group, to a large 


extent, represented cases of secondary nonpurulent pericarditis. Here, 


again, intrathoracic infectious disease predominated, It was present 
in twenty-one cases (70 per cent of the cases of fibrous pericarditis with 
effusion). Acute, nontuberculous pleuritis, which occurred in twelve 
cases, was the outstanding etiologic disease. Bronchopneumomia 
occurred in three cases and mediastinitis in two cases. Thoraci 
empyema occurred in three cases and was associated with bronchopneu 
monia and with lobar pneumonia in two of them. Aneurysmal erosion 
of the trachea, with inflammatory extension, was found in one case. 
Primary fibrinous pericarditis with effusion occurred in only nine cases 


(30 per cent). 
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Tuberculous Pericarditis with E ffuston—Only three cases of this 
condition were recorded. All were associated with tuberculosis of other 
portions of the body. A tuberculous abscess of the left suprarenal gland 
occurred. in one case, pulmonary tuberculosis in one, and miliary tuber- 
culosis in one. 

Noninflammatory Effusion—There were only three cases in this 
class. Two of the patients died of congestive heart failure; one had 
adherent pericarditis; the other, coronary disease. The third patient 
died as the result of pyelonephritis. The infrequent occurrence of this 
form of effusion may be explained, in part, by the effective modern 
treatment of edema by means of mercurial diuretics and ammonium 
nitrate. In the vast majority of instances, the retained fluid is readily 
excreted, and when death eventually occurs from heart failure, the 
serous cavities are relatively dry. 


PATHOLOGIC DATA 
Records of the weights of sixty of the hearts (33 per cent) of the 
entire series of 113 cases of pericarditis with effusion were suitable for 
pathologic study. In a number of cases such study could not be made: 
in some of these there were unusual cardiac weights, such as are met 
with in study of infants and small children, and in a few cases, the 
recorded weights included those of the entire pericardium. 


Regardless of pathologic grouping, the weights of the hearts were 


as follows: between 100 and 199 Gm. in one case (1.7 per cent of 


sixty); 200 and 299 Gm. in eight cases (13.3 per cent); 300 and 399 
Gam. in twenty-two cases (36.7 per cent); 400 and 499 Gm. in thirteen 
cases (21.7 per cent) ; 500 and 599 Gm. in eleven cases (18.3 per cent; 
600 and 699 Gm. in four cases (6.6 per cent), and 700 and 799 Gm. 
in one case (1.7 per cent). The average cardiac weight was 426.8 Gm. 
In fifty-one cases (85 per cent of sixty) the cardiac weights were 
definitely in excess of normal, according to the standard of Smith.t He 
found that the average weight of normal hearts of adult males was 294 
Gm., and that the average weight of normal hearts of adult females 
was 250 Gm. Cardiac weights in excess of 500 Gm. were found in six- 
teen cases. The heart of a small woman, 42 years of age, who had 
exophthalmiec goiter weighed only 130 Gm. The greatest recorded 
weight was 750 Gm.: the patient was a man, 52 vears of age, who had 
hy pertensi¢ ym. 

In analyzing the cases according to pathologic groups, certain dif- 
ferences in average cardiac weight appeared. The average weight of the 

1. Smith, H. L.: The Relation of the Weight of the Heart to the Weight 


ot the Body and of the Weight of the Heart to Age, Am. Heart J. 4:79 (Oct.) 
1928. 
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hearts in the thirty-seven Cast® of purulent pericarditis m which the 
weights were known was 392.1 Gm. In this group, also, the majority 
of the cases (86.4 per cent) presented cardiac weights mm excess of 300 
Gm. The minimal cardiac weight was 130 Gm., whereas the maximal 
weight was 750 Gm. The weights of the hearts were between 100 and 


199 Gm. in one case (2.7 per cent of thirty-seven) ; from 200 to 29 


Gm. in five cases | 13.5 per cent). from 300 to 399 Gm. in fifteen cases 
(40.5 per cent); from 400 to 499 Gm. in eleven cases (29.7 per cent); 
from 500 to 599 (im. in three cases 8.2 per cent), between OVO and 
699 Gm. in one case, and between 700 and 799 Gm. in one Case (27 
per cent respectively ). 

In nineteen cases of fibrinous pericarditis with effusion in which the 
cardiac weights were computed, the average weight was $54.4 Gm., 
62.3 Gm. greater than in the cases of purulent pericarditis. In this 
group, again, the weight of most of the hearts (94.7 per cent} exceeded 
300 Gm. The smallest recorded cardiac weight was 253 Gm., and the 
greatest, 630 Gm. In detail, the weights were from 200 to 299 Gm 
in two cases | 10.5 per cent of nineteen); from 300 to 399 Gm. im six 
cases (31.6 per cent), from 400 to 499 Gm. in two cases (10.5 per 
cent) 5 from 500 to 5399 Gm. in six cases (31.6 per cent), and from 600 
to 699 Gm. in three cases | 15.8 per cent). 

The weight of the heart in the only case of tuberculous pericarditis 
in which it was recorded was 250 Gm. The heart was increased 1n 
weight in all the cases of noninflammatory efiusion; the average weight 
was 466.6 Gm. The weights were 300, 525 and 575 Gm., respectively. 

These analyses do not exclude primary cardiac disease, which when 
present contributes to cardiac hypertrophy. Further subdivisions are 
considered later in this study. Musser and Herrmann,” in their group 
of seventeen cases, comprising cases of acute and subacute serofibrinous 
or hemorrhagic pericarditis, found the average cardiac weight to be 
363.2 Gm. 

ASSOCIATED CARDIAC DISEAS! 

Other disease of the heart was associated with the pericarditis in 
only thirty-three cases (29.2 per cent of the 113 cases in the whole 
series). The incidence of associated disease was much smaller than 
that which was found in our study of adherent pericarditis. 

In the present study of pericarditis with effusion, hypertensive heart 
disease occurred with greatest frequency amons associated diseases ; 
there were ten cases (8.8 per cent of the entire group of 113 cases). 
The average weight of the heart was 570.5 Gm.; the minimal weight 
was 415 Gm. and the maximal weight, 650 Gm. Purulent pericarditis 


2. Musser, J. H., and Herrmann, G. R.: Chronic Pericarditis: The Clinical 
and Experimental Aspects, J. A. M. A. 87:459 (Aug. 14) 1926 
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and fibrinous pericarditis with effusion were of equal occurrence among 
these ten cases. The average age of the patients was 48 years. The 
youngest patient was 26 vears of age, and the oldest, 59. 

Rheumatic heart disease occurred next in frequency; eight cases 
were recorded (7.1 per cent of 113). The lesions, and their frequency, 
were as follows: mitral stenosis, three cases; aortic insufficiency, two 
cases; mitral stenosis and aortic insufficiency, one case; mitral stenosis 
and tricuspid insufficiency, one case. The average cardiac weight was 
548.3 Gm. The smallest heart weighed 466 Gm.; the largest, 745 Gm. 
Purulent pericarditis occurred in six of these eight cases and fibrinous 
pericarditis with effusion in two cases. The average age of the patients 
was 41.5 years; the voungest patient was 10 years of age, and the 
oldest, 59. 

Coronary sclerosis occurred in eight cases (7.1 per cent of 113). 
Acute cardiac infarction was noticed in three of these cases; in two 
cases, the infarction was the result of thrombosis, and in one, of 
embolism. Healed infaretion was found in one case. Five cases pre- 
sented evidence of previous or existent hypertension. The average 
cardiac weight was 538 Gm.; the minimal weight was 350 Gm., and 
the maximal weight, 750 Gm. The values in this group are undoubtedly 
increased by the influence of associated hypertension, although the 
degree of coronary sclerosis was so marked as to necessitate their inclu- 
sion in this classification. The pericarditis was of the purulent type in 
four cases, of the fibrinous type with effusion in two cases, and of the 


noninflammatory type with effusion, also in two cases. The average age 


of the patients was 58.6 vears. The youngest patient was aged 48 years, 


and the oldest patient, 80 years. 

Acute bacterial endocarditis occurred in five cases (4.4 per cent of 
113). It was but an incident in septicemia in all of them. The average 
cardiac weight was 397.5 Gm.; the minimal weight was 325 Gm., and 
the maximal weight, 470 Gm. The pericarditis was of the purulent 
type in three cases, and of the fibrinous type, with effusion, in two cases. 
The average age was 49 years. The youngest patient was only 13 vears 
of age, whereas the oldest was 67. 

What was apparently an example of the heart in hyperthyrodism 
occurred in a man, 26 years of age, who had a hyperfunctioning adeno- 
matous goiter. There was no evidence of preexistent hypertension, and 
the valves of the heart were normal. The heart weighed 525 Gm., and 
fibrinous pericarditis with effusion was present. 

The remaining patient of the thirty-three who had cardiac disease 
associated with the pericarditis was a man, aged 62, who suffered from 
syphilitic aortitis, and who had a large saccular aneurysm of the 
innominate artery, with erosion and perforation of the trachea. The 


| 
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pericarditis was of the fibrinous type with effusion. The 
heart was not recorded, 

There were eighty cases (70.8 per cent of 113) of pertearditis unas 
sociated with other cardiac disease. The average cardiac weight wi 
351 Gm., and was, as would be anticipated in this group, considerably 
less than that of any component of the group in which other cardiac 
disease was associated with pericarditis. Moreover, 351 Gm. 1s less than 
the average weight of the heart (537.8 Gm.) in all cases in which there 
was associated cardiac disease. In these eighty cases, the pericarditis 
was of the purulent type in fifty-nine, of the fibrinous type in seventeen, 
of the tuberculous type in three, and of the noninflammatory type im 
one. The average age of the patients was 52.2 years, three and a halt 
years greater than that of patients who had cardiac disease associated 
with the pericarditis. The youngest patient was & months of age; the 
oldest, 85 vears. 

The weight of the hearts of twenty-six patients with purulent per 
carditis was known. In one case (3.9 per cent of twenty-six) the 
cardiac weight was between 100 and 199 Gm.; in tive cases (19.2 per 
cent), from 200 to 299 Gm.; in thirteen cases (50 per cent), from 300 
to 399 Gm., and in seven cases (26.9 per cent), from 400 to 499 Gm 
the average weight was 348 Gm. Of eight cases of fibrinous pericarditis 
with effusion in which the cardiac weight was known, in one case (12.5 


er cent of eight) the weight was between 200 and 299 Gim.; in four 


cases (50 per cent), from 300 to 399 Gim.; in two cases (25 per cent), 


from 400 to 499 Gm., and in one case (12.5 per cent), from 300 to 599 
Gm.; the average weight was 379.7 Gm. In one case of tuberculous 
pericarditis, the cardiac weight was 250 Gm., and in one case of non 


inflammatory effusion, 300 Gm. 


PERICARDIAL FLUID 

Among the seventy-seven cases of purulent pericarditis in the series, 
the pericardial content was recorded in forty-one cases (33.2 per cent ) 
The average content was 171.2 cc. The smallest amount was 10 ce., and 
the greatest, 750 cc. The amount of effusion present in the thirty cases 
of fibrinous pericarditis in the series was recorded in twenty-six cases 
(86.6 per cent). The average content was slightly greater than that im 
the cases with purulent pericarditis, 195.1 ce. The smallest amount ot 
effusion was 25 cc.; the greatest, 500 cc. The pericardial content in the 
one case of tuberculous pericarditis in which it was determined was 
1.500 ce. This quantity of fluid was aspirated a few days betore death 
The average pericardial content in the cases of noninflammatory effusion 
was 100 cc. The minimal quantity was 50 ce.; the maximal quantity 


150 ce. 
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ASSOCIATED PLEURAL FLUID 

In eighty-three cases (73.5 per cent of 113) there was fluid in one or 
both pleural cavities. In the cases of purulent pericarditis, pleural fluid 
occurred in 81.8 per cent. The right pleural cavity contained fluid in 
twenty of these cases of purulent pericarditis; the left, in fourteen 
cases, and both pleural cavities, in twenty-nine cases. The average 
amount of fluid was 570.1 cc.; the smallest amount was 75 cc., and the 
greatest, 1,500 cc. Pleural fluid was present in 67 per cent of the cases 
of fibrinous pericarditis with effusion. The right pleural cavity con- 
tained fluid in eight of these cases; the left, in three, and fluid was 
present in both cavities in nine cases. The average content was 475 cc. ; 
the smallest amount was 75 cc., and the greatest, 1,500 cc. Two patients 
with tuberculous pericarditis had pleural fluid. In both instances, the 
deposition was bilateral. The amount, in the one case in which it was 
recorded, was 150 ce. in each pleural cavity. In all cases of noninflam- 
matory pericardial effusion there was hydrothorax. The distribution 
was unilateral in two cases and bilateral in one. The average content 
was 625 cc.; the minimal quantity was 100 ce., and the maximal, 
1,200 cc. 

CLINICAL FEATURES 

Only fifteen patients (13.2 per cent of the entire 113 in the series) 
presented symptoms and signs predominantly of cardiac disease. Five 
cases in which pericarditis was of the purulent type included three cases 
of rheumatic heart disease, one case of coronary thrombosis and one case 
of coronary sclerosis. Among the patients with fibrinous pericarditis 
with effusion, associated cardiac disease was the dominant condition in 
seven. These comprised three with coronary sclerosis, two with rheu- 
matic heart disease and two with hypertensive heart disease. In only 
one patient with tuberculous pericarditis were the cardiac features 
emphasized ; there was an enormous effusion in this case. In two of the 
cases of noninflammatory effusion, the dominant clinical picture was that 
of congestive heart failure; one patient had adherent pericarditis, and 
the other, coronary sclerosis. 


The cases represented a great variety of diseases. The predominant 


clinical observations in the seventy-seven cases of purulent pericarditis 


were as follows: carcinoma, in fourteen cases ; hyperfunctioning adenom- 
atous goiter and peptic ulcer, each in five cases; bronchopneumonia. 
benign prostatic hypertrophy, nephritis and exophthalmic goiter, each in 
four cases; abscess of the liver and rheumatic heart disease, each in 
three cases; lobar pneumonia, empyema, abscess of the lung, acute bac- 
terial endocarditis, influenza, cholecystitis and appendicitis (ruptured), 
each in two cases, and trifacial neuralgia, Addison’s disease, scarlet 
fever, puerperal endometritis, cicatricial stenosis of the common bile 
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duct, myelogenous leukemia, uterine fibromyoma, pyonephrosis, lacet 
ated perineum, endothelioma of the dura, coronary thrombosis, coronars 
sclerosis, fracture of femur, pleuritis, miliary tuberculosis, hepatic cir 
rhosis and multiple abscesses of the brain, each in one case 

The predominant clinical observations in the thirty cases of fibrinous 
pericarditis with effusion were as follows: carcinoma and coronary) 
sclerosis, each in three cases ; rheumatic heart disease, malignant hyper 
tension, acute bacterial endocarditis and nephritis, each in two cases, and 
abscess of the liver, hypertensive heart disease, peptic ulcer, diabetes 
mellitus, osteomyelitis of the femur, acute pleuritis, appendicitis (rup 
tured), hyperfunctioning adenomatous goiter, influenza. exophthalmic 
goiter, infectious arthritis, empyema, hernia, nephrolithiasis, syphilitic 
aortitis and bronchopneumonia, each in one case. 


BLOOD PRESSURI 

In considering the effect of pericardial effusion on blood pressure we 
included only those cases in which the pericardial content equalled or 
exceeded 150 cc. When the cases in which there were hypertension and 
aortic insufficiency had been excluded, twenty-three cases were available. 
The average readings of blood pressure were systolic, 121.8 mm.; 
diastolic, 70.2 mm., and pulse pressure, 51.6 mm. When the averages 
of blood pressure are considered according to pericardial content, a 
slight correlation is evident, although the number of cases is too small 


to permit definite conclusions to be drawn. In cases in which the peri 


cardial content ranged from 150 to 199 cc., the average readings of blood 
pressure were systolic, 134.5 mm.; diastolic, 67.8. mm., and pulse 
pressure, 66.7 mm. In cases in which the pericardial fluid was present 
in amounts varying from 200 to 299 ce., the average values for blood 
pressure were: systolic, 124.5 mm.; diastolic, 78 mm., and pulse pres- 
sure, 46.5 mm. In cases in which the pericardial fluid was present in 
amounts of from 300 to 399 ce., the average readings were: systolic, 
114 mm.; diastolic, 64.3 mm., and pulse pressure, 49.7 mm. In cases 
in which pericardial fluid was in the amount of from 600 to 650 cc.. 
average readings were systolic, 110 mm.; diastolic, 71 mm., and pulse 
pressure, 39 mm. In cases in which pericardial fluid was present in 
amounts ranging from 700 to 750 cc., the average values were: systolic, 
103.5 mm. ; diastolic, 59 mm., and pulse pressure, 44.5 mm. 

The average systolic pressure appears to drop in proportion to the 
amount of pericardial fluid present, and although the average pulse 
pressure tends to follow, the average diastolic values appear to fluctuate 
considerably. 

SIGNS OF PERICARDIAL EFFUSION 

Signs said to be characteristic of pericardial effusion are only infre 

quently encountered. As previously stated, it is impossible to deter- 
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mine the presence of less than 150 ce. of excess fluid. Probably the 
most reliable sign of effusion is the size and contour of the heart as 
determined by roentgenogram, particularly when considerable excess 
fluid has accumulated. It consists of bulging at the lower angles of the 
cardiac shadow, the region to which fluid gravitates, and as more fluid 
accumulates the grooves of the heart and great vessels become tilled, CIN - 
ing a rounded shadow. The characteristic delineations of the normal 
heart are obliterated. This results in the so-called “water-bottle” 
shadow. 

Pericardial rubs are frequently present in the early stages, but 
become obliterated when the pericardial surfaces become separated by 
the increasing quantity of fluid. Distant and muffled heart tones are 
suggestive of pericardial effusion, but their presence in greatly dilated 
hearts is well appreciated. Diminution or obliteration of the apex beat 
is suggestive of pericardial effusion. 

Enlargement of the liver, with local tenderness, has been given as 
an early sign of pericardial effusion resulting from impingement on the 
orifices of the hepatic veins, which enter into the inferior vena cava. 
However, a tender, enlarged liver is the rule in congestive heart failure 
regardless of its type, and thus this sign becomes of minimal value so 
far as pericardial effusion is concerned. 


Compression of the left lung (Ewart’s® sign), occurring with 


extensive pericardial effusion, has been emphasized, and although impor- 


tant and worthy of consideration when present, occurs also with 
enormously enlarged hearts. Enormous effusions occasionally cause 
compression of the esophagus and trachea, producing d) sphagia and 
respiratory obstruction. 

Roentgenograms were obtained in thirty-four cases (30 per cent). 
and of these, nineteen gave evidence of varying degrees of cardiac 
enlargement. However, in only five cases was the shadow of the heart 
suggestive of effusion. 

The electrocardiograms in twenty-four cases were available for 
study. Auricular fibrillation occurred in only four cases, in three ot 
which there was associated cardiac disease. Auricular flutter occurred 
but once; there was associated cardiac disease in this case. Ten patients 
had significant T wave negativity, and eight ot these had associated 
cardiac disease. Extrasystolic arrhythmia was present in five cases, 
in all of which there was associated cardiac disease. 

3. Ewart, William: Practical Aids in the Diagnosis of 
in Connection with the Question as to Surgical Treatment, 

(March 21) 1896. 
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MODE OF DEATH 

Death wholly as the result of cardiac disease was observed in only 
ten cases (8.8 per cent), of which two were cases of purulent peri- 
carditis, six were cases of fibrinous pericarditis with effusion, and two 
were cases of noninflammatory effusion. Eighty-eight (77.9 per cent) 
of the patients died from sepsis. These cases comprised a miscellaneous 
group of conditions already discussed. Purulent pericafditis occurred 
in seventy-five cases and fibrinous pericarditis with effusion in thirteen 
cases. Death from other causes, such as hepatic cirrhosis, nephritis, 
pulmonary embolism, tuberculosis, and so forth, occurred in fifteen 
cases (13.3 per cent). In this group of fifteen were eleven cases of 
fibrinous pericarditis with effusion, three cases of tuberculous peri- 


carditis and one case of noninflammatory effusion. 


Summary of Causes of Death in the One Hundred and Thirteen Cases 


Incidence of Given Causes of Death 
Cardiac Disease Sepsis Other Causes 


Classification Cases PerCent Cases PerCent Cases Per Cent 


Purulent pericarditis 2 2.6 7 97.4 0.0 
Fibrinous pericarditis with effusion j , 43.3 36.7 
Tuberculous pericarditis 0.0 3 100.0 
Noninflammatory effusion 2 0.0 $3.3 


COMMENT AND SUMMARY 

One hundred and thirteen cases of pericarditis with effusion in which 
necropsy was performed at the Mayo Clinic were studied with special 
reference to correlation of clinical and pathologic data. The cases were 
grouped according to the character of the effusion as follows: (1) 
acute purulent pericarditis, (2) fibrinous pericarditis with effusion, (3) 
tuberculous pericarditis and (4) noninflammatory effusion. A distinct 
predominance in males occurred. Infections were the etiologic factors 
in 111 cases (98.2 per cent). Intrathoracic infectious disease occurred 
with greatest frequency. Infectious processes elsewhere in the body 
occurred in thirty-one cases (27.4 per cent). Only two cases (1.8 per 
cent) were found in which infection was absent; both of these cases 
were examples of primary cardiac disease with congestive failure. From 
this study, therefore, it appears to be established that the presence of 
infectious intrathoracic disease offers a great chance of the pericardium 
being involved, and when infectious processes of the body as a whole 
are considered, the chance of pericarditis is still greater. Thus, the 
presence of infections should always focus attention on the pericardium, 
and the result may be that purulent pericarditis or fibrinous pericarditis 
with effusion will be recognized more commonly. It is also of interest 
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to observe the high incidence of pleural effusion occurring with these 
forms of pericarditis. Fluid was present in one or both pleural cavi- 
ties in eighty-three cases (73.5 per cent). This observation may be 
applied as an accessory diagnostic sign that favors the probability of 
the presence of pericarditis. 

The cardiac weights in the sixty cases in which these data were 
available are presented. 

Associated disease of the heart occurred relatively infrequently in 
these cases of pericarditis with effusion. There were thirty-three cases 
(29.2 per cent) in which there was associated cardiac disease, which may 
be compared with 53.5 per cent of cases of adherent pericarditis * in 
which there was such associated disease. 

The value of so-called characteristic signs of pericardial effusion is 
considerable and the presence of any such sign should be properly 
evaluated, but their absence does not justify failure of recognition of 
pericarditis with effusion. Complaints predominantly referable to the 
cardiovascular system occurred in only 13.2 per cent of the cases. The 
clinical syndrome in the majority of the cases was that of sepsis. 

Death resulting directly and solely from heart disease occurred in 


only 8.8 per cent of the cases; from sepsis, in 77.9 per cent, and from 
other causes, in 13.3 per cent. 


4. Smith, H. L., and Willius, F. A.: Pericarditis: I. Chronic Adherent 
Pericarditis, Arch. Int. Med., this issue, p. 171. 
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CHOLESTEROL OF THE BLOOD PLASMA IN HEPATIC 
AND BILIARY DISEASES 


EMANUEL Z. EPSTEIN, M.D. 


NEW YORK 


As the liver is involved in a great many activities, it 1s not at all 
improbable that dissociated functional disturbances may arise when the 
organ 1s injured and that some functions are likely to suffer damage, 
whereas others remain intact or are only slightly affected. This may 
account for the invention of so many diverse liver function tests and 
the failure of any single one to satisfy the need for a uniformly accurate 
method of determining the functional capacity of the diseased liver. The 
studies have been directed toward the variations in the normal excretory 
and metabolic processes with which the liver 1s concerned. In addition, 
attempts have been made to evaluate the condition of the organ by 
increasing the burdens in tolerance tests with sugars, fats and proteins, 
as well as injection of pigments, exogenous substances such as dyes, 
cinchophen, ete. A discussion of the value of all these functional 
probes would be too involved. Summaries and reviews on the subject 
have been given by Rich,’ Greene, Snell and Walters? Schondube,® 
Schrumpf,* and others, without uniformity in the conclusions. Recently 
several aspects of the problem have been reported. Shay, Schloss and 
Rodis ° revived the Bauer galactose tolerance test as a means of early 
differentiation of the group of toxic or infectious jaundice. Lichtman 
and Sobotka* evolved a new method of determining tyrosine in the 


urine by means of the enzyme tyrosinase. Lichtman * utilized the ability 


From the Medical Division (Dr. George Baehr) and the Laboratories of 
Mount Sinai Hospital. 

1. Rich, A. R.: Bull. Johns Hopkins Hosp. 47:338, 1930. 

2. Greene, C. H.; Snell, A. M., and Walters, Waltman: Diseases of the 
Liver: I. A Survey of Tests for Hepatic Function, Arch. Int. Med. 36:248 
(Aug.) 1925. 

3. Schondube, W.: Deutsche med. Wehnschr. 56:878 (May 23); 922 (May 
30) ; 965 (June 6) 1930. 

4. Schrumpf, A.: Ztschr. f. klin. Med. 116:449, 1931. 

5. Shay, H.; Schloss, E. M., and Rodis, I.: II. The Galactose Tolerance 
Test in the Differential Diagnosis of Jaundice, Arch. Int. Med. 47:650 (April) 
1931. 

6. Lichtman, S. S., and Sobotka, H.: J. Biol. Chem. 85:261, 1929 

7. Lichtman, S. S.: Cinchophen Oxidation Test of Function of Hepatic Cells, 
Arch. Int. Med. 48:98 (July) 1931. 
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of the liver to oxidize cinchophen, previously ingested, as an index cf 


hepatic function. Bernheim* employed the intravenous injection of 


distilled water and the subsequent icterus index values as a liver function 
test. In 1927, von Bergmann * introduced the bilirubin tolerance test, 
injecting the pigment into the blood stream and studying the rate of 
elimination by the liver as an index of hepatic function. Eilbott,’° his 
pupil, amplified the work, and recently Harrop and Barron ': reported 
its utilization as a test for liver insufficiency. 

In recent years, considerable attention has been focused on the 
role of the liver in the cholesterol metabolism. According to the most 
recent reviews by workers on the subject—Hueck,’* Thannhauser,** 
Gardner and Gainsborough,'* Schonheimer,'® Burger,'® etc.—the values 
of the cholesterol in the blood plasma of human beings represent the 
resultant of many factors. It is agreed that the greatest source of the 
cholesterol in the body is exogenous, and that this alimentary absorp- 
tion depends on the amount of cholesterol in the ingested food and the 
presence of fatty acids, bile and pancreatic juices in the intestines. 
There are, however, several endogenous sources which include the 
destruction of erythrocytes and other body cells, the now accepted 
synthesis of cholesterol by the organism, and its mobilization from the 
fat tissue stores and the reticulo-endothelial cells. According to Thann- 
hauser, the liver is the main excretory organ of cholesterol and regulates 
the relative content of the blood in cholesterol and cholesterol ester (the 
compound of one molecule of cholesterol with one molecule of a fatty 
acid). One hundred cubic centimeters of normal human plasma con- 
tains from 150 to 200 mg. of total cholesterol, of which from 50 to 
70 per cent is in the form of cholesterol ester. 

As early as 1862, Austin Flint, Jr.,’7 described a new excretory func- 
tion of the liver which consisted of the removal of cholesterol from the 
blood, and believed that hypercholesteremia depended on pathologic 
changes in the liver. He also observed hypercholesteremia with obstruc- 
tive lesions in the biliary tract, a fact noted in more recent years by 


8. Bernheim, A. R.: Proc. Soc. Exper. Biol. & Med. 25:675, 1928. 

9. von Bergmann, G.: Klin. Wcehnschr. 6:776, 1927. 

10. Eilbott, W.: Ztschr. f. klin. Med. 106:529, 1927. 

11. Harrop, G. A., Jr., and Barron, E. S. G.: J. Clin. Investigation 9:577, 1931. 

12. Hueck, W.: Zentralbl. f. Path. u. path. Anat. 36:211, 1925. 

13. Thannhauser, S. J.: Lehrbuch des Stoffwechsels und der Stoffwechsel- 
krankheiten, Munich, J. F. Bergmann, 1929. 

14. Gardner, J. A., and Gainsborough, H.: Quart. J. Med. 23:465, 1930. 

15. Sch6nheimer, R.: Ztschr. f. physiol. Chem. 185:119, 1929. Schdnheimer, 
R.; von Behring, H.; Hummel, R., and Schindel, L.: ibid. 192:73, 1930. 

16. Birger, M.: Ergeb. d. inn. Med. u. Kinderh. 34:583, 1928. 

17. Flint, A., Jr.: Am. J. M. Sc. 44:305, 1862. 
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Chautfard, Laroche and Grigaut,’* Beumer and Burger,’’ Feigl,*° 
Bang,** Stepp,?*. Rothschild and Felsen,** Chautfard,** and others. 
Feigl, using the Bloor method, reported cholesterol values as high as 
1,100 mg. in 100 ce. of blood plasma. Rothschild and Felsen and Stepp 
noted a direct relationship between the degree of jaundice and cholester- 
emia in pure, uncomplicated cases of obstructive jaundice. Exceptions 
to this were noted by Stepp, when factors of cachexia and poor fat 
resorption supervened over a longer time, and by Rothschild and Felsen, 
when high temperatures and infection occurred. Furthermore, the 
latter investigators made an important observation, that in other condi- 
tions associated with jaundice-cirrhosis of the liver, acute yellow atrophy, 
pernicious vomiting of pregnancy—the cholesteremia bore no relation 
to the intensity of the jaundice. This differentiation, later confirmed 
by many others, has served an important clinical purpose. 

Although Feigl *° reported low cholesterol ester values in a study of 
the blood lipoids in acute yellow atrophy, he did not attach any special 
significance to the observations. Thannhauser and Schaber,** later, 
showed that in cases of damage of the liver the values for cholesterol 
ester were below those of the free cholesterol, and in the more severe 
cases (acute yellow atrophy) the esters were much depressed or absent. 
To this drop in cholesterol esters they attached the name ‘Istersturz,” 
and attributed the phenomenon to a disturbance in the liver of the syn- 
thesis of cholesterol ester from fatty acids and free cholesterol and of 
the hydrolysis of cholesterol esters into free cholesterol and fatty acids. 
They consider this reversible reaction dependent on the enzymes of the 
liver cells, which are disturbed in diffuse parenchymatous lesions. ‘This 
“Estersturz’”’ was interpreted as indicating liver damage. In disagree- 
ment with these authors, Burger and Habs,?? Stern and Suchantke,** 
and Gardner and Gainsborough ** did not accept this hypothesis, and 


considered the drop in ester values to be dependent on the failure of fat 


18. Chauffard, A.; Laroche, G., and Grigaut, A.: Compt. rend. Soc. de biol. 
73:23, 1912. 
. Beumer, H., and Burger, M.: Ztschr. f. exper. Path. u. Therap. 13:343, 


: Feigl, J.: Biochem. Ztschr. 90:1, 1918. 
Zang, I.: Biochem. Ztschr. 91:122, 1918. 

. Stepp, W.: Beitr. z. path. Anat. 69:233, 1921. 

. Rothschild, M. A., and Felsen, J.: The Cholesterol Content of the Blood 
Various Hepatic Conditions, Arch. Int. Med. 24:520 (Nov.) 1919. 
24. Chauffard, A.: La lithiase biliare, ed. 2, Paris, Masson et Cie, 1922. 
25. Feigl, J.: Biochem. Ztschr. 86:1, 1918. 
26. Thannhauser, S. J., and Schaber, H.: Klin. Wchnschr. 5:252, 1926. 
27. Biirger, M., and Habs, H.: Klin. Wehnschr. 6:2221, 1927. 
28. Stern, R., and Suchantke, G.: Arch. f. exper. Path. u. Pharmakol. 115:221, 

1926. 
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resorption. ‘They maintained that the absence of fat resorption from the 
intestines obliges the body to deesterize the combined cholesterol in the 
plasma in order to be able to utilize the fatty acid. 

Adler and Lemmel,*" 
lesterol in various hepatic and biliary conditions, agreed with Thann- 
hauser and Schaber that the functions of the liver are intimately related 
to the regulation of : the ratio of total to ester cholesterol in the blood, 
fat mobilization and movement, excretion and synthesis of cho- 


in a very extensive study of the blood cho- 


lesterol. Through simultaneous investigations of other liver functions, 
they have concluded that the disturbed cholesterol picture parallels most 
disturbances in other functions of the liver and reflects parenchymatous 
liver disease. 

I *° found the cholesterol ester values in the blood plasma to be 
greatly diminished, and even nil, in cases of severe liver disease, and 
observed them return to normal with improvement in the clinical picture. 
In these cases, bile and urobilin were present in the stools, even when 
the ester values were very low, so that the theory of disturbed fat 
and cholesterol resorption as an explanation cannot entirely account for 
the phenomenon in cases of primary liver diseases. My observations 
support the theory of Thannhauser that the “Estersturz” is the result of 
diffuse damage to the liver. For the past two years, I have also been 
interested in the blood cholesterol in cases of jaundice of various causes, 
making repeated observations throughout the entire clinical course from 
the time of admission to the hospital until the termination of the condi- 
tion. It was hoped that a complete picture might provide a rational 
understanding of the value of the blood cholesterol partition in the 
various types of jaundice, and might also explain possible discrepancies. 

Determinations of the total, free and ester cholesterol content of the 
blood were carried out on 1 cc. of blood plasma taken from the patients 
in the morning before breakfast. Specimens obtained during fasting 
were utilized because of the work of Gardner,*! who showed that 
changes in the cholesterol content of the plasma, as well as in the 
relation of ester to total cholesterol, occurred during the digestive 
process. Gardner could not explain these changes on an influx of the 
cholesterol absorbed from the alimentary canal, but considered them as 
evidence of an active endogenous metabolism during digestion, in which 
cholesterol takes some part. I have employed the method of Bloor and 
Knudson ** for my determinations. The work was carried out under 


29. Adler, A., and Lemmel, H.: Deutsches Arch. f. klin. Med. 158:173, 1928. 

30. Epstein, E. Z.: The Cholesterol Partition of the Blood Plasma in Parenchy- 
matous Diseases of the Liver, Arch. Int. Med. 47:82 (Jan.) 1931. 

31. Gardner, J. A., and Gainsborough, H.: Biochem. J. 22:1048, 1928. 

32. Bloor, W. R.: J. Biol. Chem. 24:227, 1916. Bloor, W. R., and Knudson, 
A.: ibid. 27:107, 1916. 
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the constant supervision and with the invaluable aid and suggestions 
of Dr. George Baehr of the Medical Division and of Dr. Harry Sobotka 
of the Chemical Laboratory. 


OBSTRUCTIVE JAUNDICHI 


Table 1 summarizes the findings in the blood, urine and feces, as 
well as the operative and necropsy reports in forty-three cases of 
obstruction to the common bile duct by neoplasms, stones, strictures, 
carcinomatous glands, etc. In the great majority of instances a pro- 
nounced hypercholesteremia was found, which roughly paralleled the 
amount of blood pigment and the degree of occlusion of the common 
bile duct. The degree of increase in blood cholesterol varied. The 
maximum concentration was more than 900 mg. per hundred cubic 
cenumeters, 

The hypercholesteremia accompanying obstructive jaundice — is 
explained by the work of Eppinger,** and Barron and Bumstead,** 
who showed that with impediments to the proper outflow of bile, the 
bile canaliculi become distended, tortuous and frequently ruptured as 
a result of the back pressure of the biliary stasis. This results in the 
outpouring of the bile into the pericapillary lymph spaces and blood 
stream. Rich, in his exhaustive review,’ called this the regurgitative type 
of jaundice. Not only the biliary pigments and acids but concomitantly 
the cholesterol of the bile are thrown back into the circulation. With 
the removal of the obstruction, the hypercholesteremia and hyperbili- 
rubinemia lessen and disappear, although the former may persist for 
a considerable time after the jaundice has cleared up. 

This regurgitative hypercholesteremia, which occurred in the major- 
itv of cases, was only slight or even lacking in eight instances, although 
a considerable hyperbilirubinemia was present. The failure of the 
cholesterol level to parallel the degree of jaundice in all instances was 
thought to be due to infection, superimposed on the obstruction, 
cachexia, cholemia and damage to the liver incident to long continued 
biliary stasis. However, cases 1, 5, 16, 22, 27 and 34 illustrate that 
hypercholesteremia may occur in spite of cachexia, cholemia, infection 
and long-standing biliary stasis. 

One observes from table 1 that in about half of the cases of 
obstructive jaundice the ester values rose in proportion to the increase 
in total cholesterol. In other instances there was an absolute but not a 
proportionate increase of ester. And in cases 5, 6, 7, 13, 16, 21, 39 


and 40, the cholesterol ester was lowered, in spite of the pronounced 


33. Eppinger, H.: Beitr. z. path. Anat. u. z. allg. Path. 31:230, 1902. 
34. Barron, E. S. G., and Bumstead, J. H.: J. Exper. Med. 47:999, 1928 
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hypercholesteremia, so that the relative ratios of total and free to the 
ester cholesterol were definitely reduced. 


surger explained this divergency between ester and free cholestero! 
as due to a stasis of bile containing a disproportionately large percentage 
of free cholesterol and a relative diminished ester fraction; also as due 
to a disturbance of fat metabolism caused by a lack of bile in the 
intestines. Gardner and Gainsborough offer two theories as an expla- 
nation for the reduction of ester in some cases of biliary obstruction. 
First, with the absence of bile from the intestine, no cholesterol !s 
absorbed from the intestine, and as the normally reabsorbed cholesterol 
is mainly in the ester form, a reduction in the ester content of the 
blood results exactly as if the patient were on a sterol-free diet. 
Secondly, the failure of fat resorption is responsible for a diminution 
in the available supply of fatty acid for conjugation with cholesterol 
to form the ester. The absence of fat resorption from the intestines 
also causes the body to deesterize the preformed cholesterol ester in 
order to utilize the fatty acid. The ester may therefore be relatively, or 
even absolutely, reduced in obstructive jaundice when the liver becomes 
damaged as a result of prolonged biliary stasis, superimposed infection, 
faulty fat metabolism, cachexia. The relative role of each factor is 
often difficult to evaluate. 

Thannhauser and Schaber, and Adler and Lemmel consider the 
lowered ester as evidence of damage to the liver cells occasioned by the 
stasis. Eppinger, who first described the effects of increased biliary 
stasis on the intracellular bile ducts, also showed that with continuation 
of the stasis, more and more liver cells were disrupted, leading to more 
or less extensive cell necrosis. Schonheimer *° showed with isolated 
loops of intestines, in which no connection with the remaining intestine 
existed, but with intact circulation, that cholesterol is reabsorbed in 
spite of the absence of bile. In table 1 will be seen data on cases in 
which the ester fraction of the blood does not depend on the presence 
or absence of bile in the intestinal tract or on the duration of the 
jaundice. Moreover, Gardner and Gainsborough admit cases of hyper- 
cholesteremia with high esters in spite of persistent failure of fat 
resorption. 

NONOBSTRUCTIVE BILIARY TRACT DISEASE 


In the group of cases of nonobstructive biliary tract disease are 
listed seventeen in which cholecystitis and cholelithiasis were found, 
without obstruction to the proper outflow of bile. In general, the 
results, seen in table 2, point to a tendency toward an increased cho- 
lesterol content of the blood plasma with normal relationship of the 


. Schénheimer, R., and von Behring, H.: Ztschr. f. physiol. Chem. 192:102, 
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free to ester fractions. This hypercholesteremia can perhaps be con- 
sidered as expression of a metabolic peculiarity contributing to gall- 
stone formation, especially as the majority of the cases were in females. 
Rothschild and Wilensky ** emphasized this relationship in a study of 


TABLE 2—Nonobstructive Biliary Tract Disease 


Cholesterol, 
Mg. per 100 Ce. 
Ieter- Van den Bergh 

Sex Index Direct Indirect ‘Total Ester Free Observations 
F 125 60 65 Operation: ehronie chole-_ 

cystitis; one large stone in 
gallbladder 
Roentgenogram of gallblad 
der showed definite stones 
Operation: numerous stones 
in galibladder; none in com 
mon bile duct 

7300,000 Operation: chronic chole 
cystitis; no caleuli found 

700,000 2 Operation: chronic chole 
cystitis; stones in gall 
bladder 

500,000 180 2 55 if Operation: chronie and 
acute cholecystitis; chole 
lithiasis 

:500,000 3 Operation: chronie and 
acute cholecystitis; chole 
lithiasis 

7500,000 7 Operation: chronie chole 
cystitis and cholelithiasis 

7500,000 26: 56 Operation: chronie chole 
cystitis; multiple stones In 
gallbladder and common 
bile duct 

1:300,000 0) ) 5 51 Operation: stones in gall- 
bladder; none in common 
bile duct 

7500,000 i Operation: small stones in 
gallbladder and eystie duct 

1: 500,000 228 25 3 55 Operation: chronie chole 

cystitis; stones in gall 
bladder 

780,000 75 3 26 Operation: stones in gall- 
bladder 
Two weeks after operation 


7330,000 7 i Acute cholecystitis; no oper- 
ation; roentgenogram of 
gallbladder with dye; no 
visualization 

7500,000 222 3x Operation: chronie chole 
cystitis and cholelithiasis 

7500,000 75 Operation: chronic chole 
eystitis and cholelithiasis 

7500,000 3 § 30 Cholecystitis; roentgeno 
gram of gallbladder; no 
visualization; improved in 
short time 


the blood cholesterol in cholelithiasis. However, there are several cases 
with normal or even low cholesterol figures. The latter cannot easily 
be accounted for, as the usual causes of hypocholesteremia in biliary 
diseases, such as cachexia, cholemia and superimposed infection, were 
absent. In general, it will be seen that the changes in the cholesterol 


36. Rothschild, M. A., and Wilensky, A. O.: M. Clin. North America 3:417, 
1919, 


Case Age 
l 66 
2 50 
42 
4 34 
5 31 
6 5 
7 31 
27 
9 
10 32 
11 37 
12 19 
13 58 
14 31 M 8 Neg. 1 
4 6 Neg. 1 
16 42 F 5 Neg. ] 
17 67 F 6 Neg. 1 
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content of the blood in biliary diseases without obstruction to the out- 
flow of blood are slight and without any particular significance—con- 
firming the previous work of Rothschild and Wilensky,** Rothschild and 
Rosenthal ** and Campbell.** 


JAUNDICE DUE TO PARENCHYMATOUS DISEASES OF THE LIVER 


A group of thirty-six cases of jaundice due to diffuse parenchyma- 
tous disease of the liver was studied; the parenchymatous degeneration 


ranged in intensity from the mild degree seen in lobar pneumonia, 
cardiac decompensation and infections to the severest type occurring in 
fatal cases of acute yellow atrophy. Included are instances of hepatic 
degeneration due (1) to medicaments, such as arsphenamine preparations, 
cinchophen and its derivatives, phenobarbital, and (2) to remote diseases 
such as pneumonia, infections and cardiac decompensations and (3) to 
primary liver diseases such as so-called catarrhal jaundice, toxic hepa- 


titis, acute, subacute and chronic yellow atrophy. In general, the cases 
illustrate the importance of a knowledge of the cholesterol picture of 
the blood plasma in the primary degenerations of the liver and expand 
the experiences in this field which were recently published.*° 

It will be seen in table 3 that the parallelism between hypercholester- 
emia and hyperbilirubinemia, seen so commonly in cases of obstructive 
jaundice, is conspicuously lacking in the cases of severe parenchymatous 
degeneration of the liver. In the latter the total cholesterol content of 
the blood plasma is rarely elevated. Usually it is normal or subnormal. 
In case 20 with a fatal outcome, repeated determinations on 1 ce. of 
plasma gave total figures too low to be estimated. The hypocholesteremia 
is seen in cases with very marked jaundice, reaching at times an icterus 
index of 200 and a bilirubinemia of 1: 6,000 by the indirect van den 
Bergh method. Pronounced reduction in cholesterol affords a means of 
sharp differentiation between the cases of jaundice due to mechanical 
obstruction to the outflow of bile and those caused by a primary degener- 
ative lesion of the parenchyma of the liver. This difference, appreciated 
by Rothschild and Felsen in 1919, has been of service to us in Mount 
Sinai Hospital as an aid in differential diagnosis. On the contrary, 
a study of the amount of icterus and the types of bilirubin in the blood 
has afforded little or no assistance in differential diagnosis. A perusal 
of tables 1 and 3 will show that the degree of bilirubinemia and types 
of van den Bergh reactions are similar in the two entirely different 
conditions, but that in obstructive cases the cholesterol and bilirubin of 
the blood parallel each other, whereas in the parenchymatous diseases 
of the liver such an association is lacking. Furthermore, the depression 
of the total cholesterol in primary hepatic diseases has been used by us 


37. Rothschild, M. A., and Rosenthal, N.: Am. J. M. Sc. 152:394, 1916. 
38. Campbell, J. M. H.: Quart. J. Med. 18:123, 1924 
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as an aid in prognosis. Cases in which a fairly high amount was found 


at the onset of the disease had a favorable outcome. Cases with a 


profound depression below the normal usually ended fatally within a 


short time. 

Observations on the cholesterol esters of the blood plasma were even 
more striking. In cases 3, 5, 11, 14, 18, 19, 20, 26 and 36, the cholesterol 
esters were very depressed or even absent during the short, stormy 
course of the disease. The outcome was fatal, and (except case 3 in 
which no autopsy was obtained) the postmortem examinations revealed 
severe parenchymatous degeneration of the liver—marked hepatitis, or 
acute or subacute yellow atrophy. 

In cases 1, 2, 7, 9, 10, 17, 31, 34 and 35—with well marked damage 
of the liver—the initial cholesterol esters were considerably diminished. 
With improvement in the condition, the esters gradually rose, both 
relatively and absolutely, until normal values were obtained with the 
complete recovery. It will be seen that the ester fraction exactly 
mirrored the degree of severity of the liver damage, consistently remain- 
ing very low or absent in the fatal cases and rising gradually to normal 
in cases showing clinical evidences of improvement. 

In the less severe cases of liver damage—, 8, 12, 23, 24, 28 and 30— 
the initial cholesterol esters were lowered, but mainly relatively. This 
moderate lowering of the esters presaged a good prognosis, which was 
later confirmed by the subsequent improvement in the condition. 

Cases 21, 22, 27, 29, 32 and 33 represent instances of jaundice 
developing in the course of cardiac insufficiency, with chronic passive 
congestion of the liver, accompanied in several instances by pulmonary 
infarctions. The development of jaundice in these cases is due to injury 
to the liver cells during long-standing passive congestion and anoxemia. 
A moderate lowering of the esters was present in these cases, and the 
ester level rose to normal again with improvement. 

Of particular interest is the fact that in cases 1, 2, 4, 7, 9, 10, 24, 30 
and 31, the total cholesterol and ester figures rose above those found 
in normal blood plasma concomitant with the clinical improvement and 
the regression of the evidences of damage to the liver. It is conceivable 
that occasionally a hypercholesteremia in the stage of healing from acute 
parenchymatous liver degeneration might be confused with a hyper- 
cholesteremia of an incomplete biliary obstruction, but the course of 
events and the clinical picture should offer easy means of differentiation. 

The transition from hypocholesteremia to hypercholesteremia with 
clinical improvement seems to coincide with regression in the degenera- 
tive process and with entry into the regenerative stage. The cholesterol 
picture mirrors the various stages of the pathologic process and reflects 
the functional capacity of the diseased organ. Two explanations are 
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offered for the occurrence of a hypercholesteremia in the stage of 
improvement, viz.: (1) as the regenerative islands of liver tissue have 
their bile ducts shut off from the rest of the biliary system, an obstruc- 
tice jaundice occurs with resulting hypercholesteremia, or (2) as the 
liver functions improve, it is conceivable that only partial functional 
recovery might occur, with the cholesterol excretion lagging behind the 
others. 
ATROPHIC CIRRHOSIS OF THE LIVER (LAENNEC TYPE) 


Ten cases of atrophic cirrhosis of the liver were studied. The 
process in this type of hepatic disease is slow and drawn out in its 
evolution, in sharp contrast to the acute parenchymatous diseases of the 
liver. It will be seen in table 4 that in cases 1, 2, 3, 4, 5, 8, 9 and 10 
the values for total cholesterol and ester in the plasma lie within the 
normal limits. In cases 6 and 7, in which evidences of superimposed 
liver damage were present, the ester values were subnormal, and in 
case 7, it rose again as the condition of the patient improved. This 
normal cholesterol blood picture is in agreement with the work of 
Adler and Lemmel, who observed deviations in the cholesterol level only 
when a superimposed hepatitis or state of coma developed in a patient 
with Laennec’s cirrhosis. Low figures for cholesterol and cholesterol 
ester are as a rule only seen in the terminal stage of the disease. 


COM MENT 


A study of the blood cholesterol in various forms of hepatic and 
biliary disease has yielded instructive and important data, which are of 
assistance in the differentiation between certain types of jaundice and 
in the prognosis of the various primary liver degenerations. 

In forty-three cases of obstruction of the common bile duct by 
neoplasms, stones, stricture, carcinomatous glands, a hypercholesteremia 
was usually present which paralleled the bilirubinemia and the degree 
of obstruction. The hypercholesteremia and hyperbilirubinemia dis- 
appear with the removal of the impediment to the biliary outflow, 
although the hypercholesteremia may persist for a considerable time 
after the jaundice has cleared up. Both the hypercholesteremia and the 
hyperbilirubinemia in obstructive jaundice represent a pure regurgi- 
tation phenomenon due to the rupture of the bile canaliculi into the 
lymph and blood channels. In severe cachexia, long-standing jaundice 
with cholemia, and in infections superimposed in the biliary tract sys- 
tem, the hypercholesteremia often fails to reach levels proportionate to 
the hyperbilirubinemia, and it may even be absent. 

In about one half of the cases, the cholesterol esters rose propor- 
tionately with the free cholesterol. In other cases, the ester fraction, 
although absolutely increased, did not rise sufficiently to maintain the 
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normal ratio. In eight cases among the forty-three, there was a definite 
fall of cholesterol ester. This dissociation between total and ester 
cholesterol probably depends on several factors. Burger and Habs, and 
Gardner and Gainsborough ascribed it to a one-sided increase of free 
cholesterol as a result of stasis of bile cholesterol, which is always free 
cholesterol, and to faulty fat metabolism incident to absence of bile from 
the intestines. Thannhauser and Schaber, and Adler and Lemmel con- 
sidered the ester fall as an expression of liver damage induced by pro- 
longed biliary stasis, superimposed infections and cachexia. That no one 
factor can explain the phenomenon is illustrated by cases described by 
Gainsborough and Gardner, as well as by us, in which high cholesterol 
esters existed in the blood plasma, in spite of prolonged biliary obstruc- 
tion and faulty fat absorption. 

Thirty-six cases of jaundice due to parenchymatous diseases of the 
liver were studied. In the more severe hepatic degenerations, the total 
cholesterol content of the blood plasma was below normal, and in the 
fatal cases, considerably subnormal. Pronounced lowering of the total 
cholesterol occurred in the gravest cases—a practically normal level in 
the less severe cases of parenchymatous liver diseases, in spite of a 
concomitant marked hyperbilirubinemia. This offers a sharp means of 
differentiation from jaundice due to obstruction of the common bile 
duct, in which the hypercholesteremia closely parallels the degree of 
hyperbilirubinemia. In other words, the hyperbilirubinemia and hyper- 
cholesteremia are parallel in obstructive jaundice and dissociated in the 
primary degenerations of the liver. When the dissociation has been very 
marked, low total cholesterol values with intense jaundice, the outcome 
has usually been unfavorable. 

The cholesterol ester changes are even more striking. The drop ia 
esters has more or less paralleled the severity of the damage to the 
parenchyma of the liver. In the very acute and severe cases of hepatic 
degeneration with fatal outcome, the esters were absent at the onset and 
throughout the duration of the disease. In the moderately severe cases, 
the esters were considerably lowered, but rose gradually to normal with 
improvement in the condition. The ester determinations have there- 


fore proved to be not only of diagnostic import in the recognition of 
parenchymatous damage, but of extreme value in the prognosis of the 
disease. 


In the stage of recovery from liver damage, the figures sometimes 
rise above normal both for ester and total cholesterol. This change 
from hypocholesteremia to hypercholesteremia is construed as evidence 
of transition from predominately destructive to regenerative changes. 
The hypercholesteremia of regeneration may last tor a considerable time. 
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In seventeen cases of cholecystitis and cholelithiasis with no jaundice 
and no obstruction of the common bile duct, the total, free and ester 
cholesterol did not vary significantly from normal, except perhaps for 
a tendency to a high normal or even slight hypercholesteremia in a few 
instances. 

Ten cases of atrophic cirrhosis of the liver (Laennec type) were 
studied. The values for cholesterol, both total and ester, were within 
the normal range, except when an intercurrent hepatitis or liver degen- 
eration was superimposed in the terminal stage of the disease. 


SUMMARY 


1. Improvement in the accuracy of diagnosis and prognosis of vari- 
ous hepatic and biliary diseases is possible by means of a quantitative 


study of the blood cholesterol and cholesterol ester—a simple method 
requiring only 1 cc. of blood plasma and allowing repeated determi- 
nations throughout the course of the ailment. 

2. In obstructive jaundice, hypercholesteremia is usually encountered. 
It roughly parallels the degree of obstruction and the bilirubinemia and 
returns to normal with relief of the obstruction. Exceptions are noted 
in cases of marked cachexia, cholemia and superimposed infections. 
The cholesterol esters in mechanical obstruction rise concomitantly with 
the total cholesterol in about half the cases; in the other instances they 
remain normal but lag relatively behind the increased free cholesterol. 

3. In degenerative diseases of the liver, a pronounced divergence 
between the bilirubinemia and cholesteremia usually occurs; the more 
severe the damage to the liver, the greater the tendency to hypocho- 
lesteremia. This divergence between the hyperbilirubinemia and the 
cholesteremia offers a means of differentiation from the cases of mechan- 
ical obstruction. In parenchymatous degeneration of the liver, a drop 
in cholesterol esters parallels the severity of the damage even more 
accurately. In the rapidly fatal cases the cholesterol esters are very 
low or absent throughout the course of the disease; in less severe cases, 
the initial low ester values eventually rise with improvement in the 
condition. 

+. In atrophic cirrhosis of the liver ( Laennec), the cholesterol blood 
pictures remain normal. Variations occur only when hepatitis or 
degeneration of the liver are superimposed in the terminal stage of the 
disease. 

5. In cholecystitis and cholelithiasis with no obstruction to the 
biliary outflow, the blood cholesterol figures are normal or insignificantly 
elevated. 
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ANEMIA ASSOCIATED BILIARY FISTULA 


BALDERSTON, M.D. 


EVANSTON, ILL. 


Confronted with a case of severe anemia in an elderly woman, in 
which there had been a discharge of large quantities of bile through 
an external fistula more or less continuously for about three years, | 
naturally thought that it was a terminal condition due to malignancy, 
especially as the diagnosis of cancer had been made at the time of 
operative drainage. The question of pernicious anemia arose, however, 
on account of the complete achlorhydria and the progressive weakness 
of the patient over a period of several weeks. Liver extract no. 343 
and preparations of fresh liver were therefore administered, with 
apparently no response; in fact, the cell count dropped from 1,360,000 
red cells and 4,600 white cells on the patient’s admission to the hospital 
to 1,050,000 red cells and 3,700 white cells twelve days later. Ferrous 
arsenite had also been given intramuscularly during this period. The 
total failure of these methods of treatment seemed definitely to confirm 
the diagnosis of secondary anemia due to cancer of the gallbladder. 

An enormous flow of bile from an emaciated patient probably sug- 
gested therapy with bile salts on the general principle of a deficiency 
syndrome. It was somewhat of a surprise when it was found that from 
the date that the bile salts were added to the previous therapy, the red 
cells and hemoglobin began steadily to rise, and that the reticulocytes, 
which under liver therapy alone showed no signs of change, began to 
show a moderate increase in number. The red cells, which on admission 
showed marked changes in shape and size, also began to resume their 
normal contour. 

A search through the medical literature revealed surprisingly little 
exact information on this subject. Pfaff and Balch, of the Harvard 
Medical School * had made careful observations on a woman with a 
biliary fistula. After the administration of pills of human bile and then 
pills of ox bile, the patient’s weight increased 14 pounds (6,400 Gm.), 
and she was in excellent health during the ninety-seven day period of 
observation. Without exception, textbooks on surgery, including those 
of an earlier period when external biliary fistula was more frequent, 
and those published up to the present, dismiss the subject of the loss of 
bile as a matter of little importance to the human organism. This 


1. Pfaff and Balch: J. Exper. Med. 2:49, 1897. 
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literature was carefully reviewed by Wangensteen,? and he concluded 
by saying, “I have failed to find any reference to injurious effect from 
prolonged loss of bile to the exterior.” In the literature, I found onl) 
several vague references to anemia as a sequence to the continued loss 
of bile. 

In contradistinction to this paucity of careful observation in the 
human being, within the past ten years, physiologists have published a 
voluminous literature on the results of a series of observations on 
external biliary fistula in dogs. This experimental work on dogs seems 


to show that prolonged loss of bile through an external fistula produces 


a definite anemia which is not due to a digestive disturbance but to a 
loss of some element discharged with the bile. In comparing the clinical 
case reported in this paper with these experimental anemias in dogs, 
one could not but be struck with the marked similarity between the 
two as to cause, symptoms and the results of treatment. 

Seyderheln and Tammann * and also Baumann‘ concluded that the 
anemia found in dogs with external biliary fistula, while temporarily 
relieved by the feeding of bile salts, was bound up with the vitamin 
D factor in the circulation. 

From their observations on bile fistulas, Whipple and Smith ° believe 
that there is a disturbed physiologic condition related to the lack of 
the normal internal circulation of the bile salts, that bile salts give a 
strong stimulation to the liver cells, and that this fact has an important 
relation to the formation of hemoglobin. 


REPORT OF CASE 


Mrs. M. F., aged 73, was admitted to the Evanston Hospital on July 6, 1930, 
showing marked prostration, emaciation, flabby parchment-like, ivory-tinted skin 
a blood pressure of 88 systolic and 40 diastolic, weakness and apathy. On admis- 
sion the blood count showed 24 per cent hemoglobin, 1,360,000 red cells and 4,600 
white cells. Some of the red cells had markedly pale-stained central areas; there 
were anisocytoses and poikilocytoses, marked slight polychromatophilia, 
nucleated red cells and some stippled red cells. 

The patient had been seen in her home in June, 1927, with what appeared to be 
an obstruction in the biliary system, with nausea, jaundice, etc. The illness was 
prolonged over several weeks. In a patient, 70 years of age, there was a presump- 
tion of malignant condition. During a later attack in August of the same year 
the gallbladder was drained at another hospital, and the postoperative diagnosis 
was cancer of that organ. During the winter of 1928, there had been short periods 
when the fistulous tract closed, but there had been more or less continuous leakage 


2. Wangensteen, Owen H.: Complete External Biliary Fistula, J. A. M. A 
93:1199 (Oct. 19) 1929. 

3. Seyderheln and Tammann: Ztschr. f. d. ges. exper. Med. 68:539, 1929 

4. Baumann, W.: Ztschr. f. d. ges. exper. Med. 75:401, 1931. 

5. Whipple. G. H., and Smith, H. P J. Biol. Chem. 89:727 (Sept. 30 
1930 
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ever since. Examination of the stools sometimes showed traces of bile, but usually 
it gave negative results. The present attack began with dyspnea on exertion and 
general weakness, which had been progressive and had extended over several 
weeks. Urinalysis showed: albumin, 1 plus, and bile, negative; contents of the 
stomach showed no free hydrochloric acid. The reticulocytes were recorded as 2 
in 500 cells. The blood count on July 19 revealed: hemoglobin, 25 per cent; red 
cells, 1,050,000 and white cells, 3,200 and on August 29: hemoglobin, 68 per cent, 
red cells, 3,200,000 and white cells, 7,750. The red cells gradually resumed their 
normal appearance, and the number of reticulocytes increased to 6 per five 
hundred cells. 

Therapy with iron and arsenic was begun on admission; liver therapy was begun 
on the fourth day. Bile therapy was begun on July 19. After the patient left the 
hospital, liver therapy was discontinued, and the administration of bile salts was 
continued, with the addition alternately of iron and arsenic and cod liver oil. The 
blood picture became entirely normal and continued so. During the summer of 
1931, the patient was given bile salts and glutamic acid only, and after a number 
of weeks during which neither iron nor cod liver oil was given, the blood count 
showed: 100 per cent hemoglobin, 4,990,000 red cells and 10,400 white cells 
Recently, however, it was found necessary to give iron and arsenic 


SUMMARY 


After losing bile through an external biliary fistula for three years, 
an elderly woman presenting symptoms of severe anemia, prostration 
and achlorhydria, simulating pernicious anemia but not influenced by 
liver therapy, immediately began to improve on addition of bile salts. 
At the time of writing, eighteen months after the attack, she is in 
excellent health. Bile salts and some form of acid therapy have been 
given for the achlorhydria ; other methods of therapy have been employed 
from time to time, only bile salts and hydrochloric acid being given at 
times. 

The patient has continued to be in good health; the blood has been 
in an average, normal condition up to the time of writing, and bile salts 


and hydrochloric or glutamic acid have been given as the only constant 


therapy. 
It is deemed correct to call this case one of secondary anemia due 
to the continued loss of bile through an external biliary fistula. 


CARBOHYDRATE METABOLISM IN A CASE OF 
HEMOCHROMATOSIS 


RICHARD P. STETSON, M.D. 
AND 
JOHN P. PETERS, M_D. 


NEW HAVEN, CONN. 


The progressively increasing severity of the diabetes that occurs with 
hemochromatosis has been recognized since the earliest description of 
that disease sixty years ago. The symptoms of diabetes have been the 
complaints that have forced the majority of patients with hemochro- 
matosis to seek medical advice, and before the advent of insulin, diabetic 
acidosis was the most frequent cause of death in these patients. Since 
the use of insulin, the peculiarities of the responses to insulin therapy 
have been repeatedly noted. 

In a previous article’ were reported the clinical and pathologic 
findings in two cases of hemochromatosis with extensive purpura 
resembling that of scurvy. One of these (case 2 of the previous 
report’) was observed in the hospital for three hundred and seventy- 


one days. It is the purpose in this article to prevent and discuss the 


course of the diabetes in this case. 
REPORT OF CASE 


A widowed, white, American man, a truck driver, 42 years of age, was admitted 
to the medical service on May 23, 1928, with a history of swollen, bleeding gums 
for five months, progressive weakness, pains in the joints and muscles and spread- 
ing purpura for six weeks preceding entrance. For at least six months his diet 
had been wholly lacking in fruit and green vegetables and had been inadequate 
in all respects. His weight on admission was 123 pounds (55.8 Kg.) ; there had 
been a loss of 32 pounds (14.5 Kg.) during the preceding year. There had been 
no symptoms directly referable to diabetes. At the time of admission, the urine 
was normal, except for the slightest possible trace of albumin and a trace of 
urobilin. 

In view of the possibility of scurvy suggested by the clinical picture, the patient 
was given large quantities of orange and lemon juice within twenty-four hours 
and was subsequently given an antiscorbutic diet liberal in carbohydrates. On 
such a diet his improvement was rapid. 


From the Department of Internal Medicine of Yale University, and_ the 
Medical Service of the New Haven Hospital. 

1. Stetson, R. P., and Ferris, H. W.: Hemochromatosis and Purpura, Arc 
Int. Med., this issue, p. 232. 
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Glycosuria during the first month of hospitalization was rare and of shght 
degree. At the end of this period it had definitely increased, and the venous blood 
sugar during fasting was 139 mg. per hundred cubic centimeters. The patient was 
given a measured diet consisting of carbohydrate, 150 Gm., protein, 70 Gm., fat, 
225 Gm. and calories, 2,900. This abolished the glycosuria, but did not produce 
a satisfactory gain in weight. The protein and fat were then increased to yield 
3,000 calories (table 1, period I). It became necessary to give insulin for the 
first time ten weeks after admission. Periods II and II] demonstrate a progressive 
impairment of carbohydrate metabolism as measured by increasing glycosuria in 
spite of rising doses of insulin. 

In October (period II1), after exhibiting a steady decrease in carbohydrate 
tolerance for three months, the patient experienced a series of hypoglycemic reac- 
tions, occurring usually about midnight. In spite of this, he developed a marked 
over-night rise in blood sugar concentration, with glycosuria and often slight 
ketonuria. A division of his evening feeding and insulin between supper and 
10 p. m. served to abort the hypoglycemic reactions for a time, but was only 
moderately successful in clearing the over-night glycosuria. 

During the next four months (periods IV and V) the carbohydrate tolerance 
apparently improved. The development of circulatory failure with auricular fibril- 
lation during the last month of observation (period VI) made it difficult to evaluate 
the diabetic condition during that period. The patient died in coma on May 28, 
1929. The concentration of the venous blood sugar three hours before death was 
340 mg. per hundred cubic centimeters. The patient did not have diabetic acidosis 
at the time of death, but presented the terminal picture of hepatic disease 


COMMENT 


In the chart are shown blood sugar curves secured at various stages 
of the disease. Although the four curves are not comparable in all 
respects, all show the reaction to about 50 (am. of carbohydrate in the 


post alimentary period. The first study, made in the early stages of 


the diabetes when insulin was not required to control glycosuria, rep 
resents the hyperglycemic reaction to 50 Gm. of dextrose without 
insulin. The second, taken later in the disease, represents the reaction 
to 50 Gm. of dextrose and 60 units of insulin. The third curve, still 
later, shows the reaction to the regular breakfast, containing about 50 
Gm. of carbohydrate, with 80 units of insulin. The fourth curve shows 
the course of the blood sugar throughout twenty-four hours when the 
disease was still further advanced,’ but includes a period comparable to 
that of the third study. 

3etween the first and second studies there was a striking increase 
in the blood sugar concentration during fasting and a diminution of 
carbohydrate tolerance, evidencing itself in the fact that the second 
blood sugar curve is far higher than the first, despite the administra- 
tion of insulin. At the time of the second curve the patient was receiv- 
ing 60 units of insulin before breakfast and 50 units before supper. 
In spite of the large evening dose, the blood sugar rose during the 
night to reach an extremely high level before breakfast. That this rise 
occurred only during the later hours of the night is indicated by the 
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facts that sugar did not appear in the urine until after 7 a. m., and 
that there was a severe reaction to insulin at 2 a. m. of the night 
following the study of the blood sugar (October 9). The third curve 
illustrates clearly the over-night rise in blood sugar. By this time it 
had become necessary to alter the dosage of insulin to 80 units one 
hour before breakfast and 20 units thirty minutes before supper and 
to administer 10 Gm. of carbohydrate at 10: 30 p. m. to prevent insulin 


vrine sugar 


daly 11,1928 


dextrose 50 gm 


= 


urine sugar 12) 3+ 


October 8 


= = = = —— | 
urine sugar 

December 3 


February (929. 


50 


insulin 750) tray 


Cutaneous blood sugar curves at various stages of the disease. The urine 
sugar was determined by Benedict’s qualitative method in specimens of urine 
divided into four fractions, collected at 7 a. m., 11 a. m., 4 p. m. and 9 p.m. The 
results of these analyses are shown above each curve. CR indicates complete 
reduction of Benedict’s solution; +, 2+, 34+ and 4+, various degrees of partial 
reduction. The administration of insulin and food is represented by the arrows. 
The nature and quantity of food are represented by the letters, P = protein, 
F = fat and C = carbohydrate, followed by figures indicating the number of 
grams of each food given. 


shock from occurring during the night. The large morning dose 
usually enabled the patient to avoid both glycosuria and shock during 
the day while he was receiving carbohydrate at intervals. At night 
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a relatively small dose without carbohydrate precipitated shock, although 
it did not prevent a subsequent rise of blood sugar to a level that 
initiated glycosuria. As shown in the last curve made, although the 
blood sugar started at about the same level, a smaller dose of insulin, 
75 units, caused a more precipitate fall of blood sugar, ending in 
shock before lunch. By this time, however, it had become necessary 
to divide the insulin into three doses: 75 units before breakfast, 10 units 
before supper and 25 units with 10 Gm. of carbohydrate at midnight. 
The amount of both the protein and the carbohydrate of the diet were 
kept practically unchanged throughout the course of the disease; the 
amount of fat was varied slightly. 


The Diabetic Course During the Last Ten Months of Observation 


Urine* Blood 

— Sugar, Insulin, 

7a.m.to9p.m. %p.m.to7a.m. Fasting Daily Reactions 

Period, Fat, drate, Ace Ace- Mg.per age No.in Usual 
1928 Gm. Gm. ’ Sugar tone Sugar tone 100Ce. Units Period time 


I 
July-Sept. . 300 150 3 0-44 0-30 
Il 3 Mid 


Sept.-Oct. 2+ { 6 95 3. night 


IIL 
Oct.-Nov. 3 5 3 +-3+4 327 5 2a.m. 


IV 

Dec.-Mar. § 5 3 : 3+ 2: Noon 

April, 1929 80 


VI 148 
May 60 170 3 0 


* The urine sugar was determined by Benedict's test; urine acetone was determined by the 
nitroprusside test. 


The spectacular rapidity with which carbohydrate tolerance 
deteriorated is shown in the table. The tendency for the blood sugar 
to rise in the latter part of the night is a well recognized characteristic 
of severe diabetes and does not distinguish this patient from others 
without hemochromatosis. The line between glycosuria and shock was, 
however, peculiarly fine. At times a reaction would occur without a 
change in diet or insulin; again, an increase of 5 units would precipitate 
a reaction when there had been profuse glycosuria with the lower 
dosage. The reactions were sudden in onset, became progressively more 
severe and were increasingly often associated with paroxysmal 
auricular fibrillation. Especially in the latter weeks, orange juice given 
by mouth was not always sufficient to forestall an oncoming reaction. 
Dextrose given intravenously was always rapidly effective. Other 


Irreg- 
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observers ° have noted similar fluctuations in carbohydrate tolerance 
as well as peculiar hypoglycemic reactions in patients with hemochro- 
matosis under insulin therapy. 

Callender * has suggested that the loss of available carbohydrate 


reserve that results from the depletion of hepatic glycogen in advanced 


disease of the liver is of major importance in the production of the 
hypoglycemic reactions following the administration of insulin in hemo- 
chromatosis. Glycogenesis in the liver is one of the means of disposing 
of ingested carbohydrate, and the hepatic glycogen thus formed becomes 
the chief source from which carbohydrate can be rapidly mobilized 
when needed. Mann and his associates * showed that in a dog deprived 
of both liver and pancreas, greater hyperglycemia develops after the 
administration of dextrose than in a depancreatized animal, and, at 
the same time hypoglycemic symptoms develop more rapidly and at 
higher blood sugar concentrations than in a hepatectomized animal. In 
hemochromatosis simultaneous advance of the disease in the liver and 
pancreas should bring about a comparable state. 

That the ability to form and store glycogen in the liver was never 
completely abolished in this patient is suggested by the nocturnal rises 
in blood sugar in the last three curves in the chart. Even in the last 
few hours of life the blood sugar remained continuously above 300 mg. 
per hundred cubic centimeters. It is, however, probable that the glyco- 
gen capacity of the liver was unusually small. This would reduce the 
immediate effectiveness of insulin in disposing of a given dose of carbo- 
hydrate, by compelling the organism to rely more completely on the 
processes of oxidation for its removal, and, at the same time would 
afford a smaller amount of rapidly available reserve carbohydrate for 
emergency needs. Nevertheless, when insulin is not acting, continuous, 

2. (a) Allan, F. N., and Constam, G. R.: Insulin Resistance in a Case of 
Bronze Diabetes, M. Clin. North America 12:1677, 1929. (b) Althausen, T. S., 
and Kerr, W. J.: Hemochromatosis. A Report of Three Cases with Results of 
Insulin Therapy in One Case, Endocrinology 11:377, 1927. (c) Callender, G. R.: 
Hemochromatosis, Internat. Clin. 2:268, 1928. (d) Eusterman, G. B.: Hemo- 
chromatosis; Case Report, M. Clin. North America 11:1376, 1928. (¢) Hernan- 
dez, I. M., and Benaros, M.: Case of Bronze Diabetes, Rev. Soc. de méd. int. 
y Soc. de tisiol. 6:1925, 1925. (f) Root, H. F.: Insulin Resistance and Bronze 
Diabetes, New England J. Med. 201:201, 1929. (¢) Russell, E.: Hemochromatosis, 
M. J. Australia 2:251, 1925. (h) Shelton, J. H.: The Iron Content of the Tis- 
sues of Hemochromatosis, with Special Reference to the Brain, Quart. J. Med. 
21:123, 1927. 

3. Mann, F. C.: Modified Physiological Processes Following Total Removal 
of the Liver, J. A. M. A. 85:1472 (Nov. 7) 1925. Mann, F. C.: The Liver in 
Relation to Carbohydrate Metabolism, Tr. A. Am. Physicians 50:362, 1925. 
Bollman, J. L.; Mann, F. C., and Magath, T. B.: Studies of the Physiology of 
the Liver. XII. Muscle Glycogen Following Total Removal of the Liver, Am. J. 
Physiol. 74:238, 1925. 
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though retarded, processes of neoglycogenesis and glycogenolysis may 
suffice to produce or maintain a high blood sugar level. 

The absence of ketonuria, even with extreme hyperglycemia and 
minimal dosage of insulin during the comatose terminal condition, is 
surprising. It is tempting, but hazardous, to connect this also with 
damage to the liver, which appears to be the organ chiefly concerned in 
the elaboration of ketone bodies.*| Wakeman and Morrell® found no 


acetone, by qualitative test, in the urine of starving monkeys in the 


terminal stages of yellow fever, after prolonged periods of hypogly- 
cemia. The stores of hepatic glycogen of these animals were extremely 
depleted, removing any obvious source of combustible carbohydrate. 
That acetonuria develops in Macacus rhesus monkeys when they are 
deprived of carbohydrate was demonstrated by the subjection of one 
animal to starvation. 

4. Himwich, H. E.; Goldfarb, W., and Weller, A.: The Effect of Various 
Organs on the Acetone Content of the Blood in Phlorhizin and Pancreatic Dia- 
betes, J. Biol. Chem. 93:337, 1931. 

5. Wakeman, A. M., and Morrell, C. A.: Personal communication. 


HEMOCHROMATOSIS AND PURPURA 


RICHARD P. STETSON, 
AND 
HENRY W. FERRIS, M.D. 


NEW HAVEN, CONN. 


Since Troisier’s* description in 1871 of a case of “diabéte sucré” 
with pigmentary changes, approximately 175 cases of hemochromatosis 


have been reported. Fourteen, or 9 per cent, of the 153 cases from the 
literature with data available for study, exhibited some degree of pur- 
pura, while in an additional 9 cases, or 6 per cent, hemorrhagic mani- 
festations other than purpura developed in the course of the disease. 
Other authors have discussed this occurrence and have speculated on 
its importance in the etiology of the pigment deposits that are char- 
acteristic of the disease. In spite of this incidence of purpura in hemo- 
chromatosis, it is not generally mentioned as a frequent symptom. 

The necropsy records of the department of pathology of the New 
Haven Hospital between 1917 and 1930 contain reports of 5 cases of 
hemochromatosis, all of which occurred in males. Two of the patients, 
at the time of admission, had purpura of such striking degree as to 
suggest the diagnosis of scurvy. In an earlier case reported from this 
hospital by Blumer,’ a petechial eruption developed on the arms and 
legs a few hours before death. 

In this report, the clinical course and pathologic observations in the 
two more recent cases are presented, together with a discussion of the 
possible explanations for purpura in hemochromatosis. 


REPORTS OF CASES 

Case 1.—J. M., a single, white, Irish-American restaurant worker, 44 years of 
age, was admitted to the New Haven Hospital on March 21, 1929. 

History.—Six months before admission his gums became sore and bled easily, 
and his teeth loosened. For two weeks he had experienced weakness and had 
become dyspneic, and a paroxysmal cough and substernal pain had developed. For 
one week he had raised scanty, bloodstreaked sputum. During this time he had 


From the Department of Internal Medicine and the Department of Pathology 
of Yale University and the Medical Service of the New Haven Hospital. 

1. Troisier: Diabéte Sucré, Bull. et mém. Soc. anat. de Paris 14:231, 1871; 
quoted by McCreery: Canad. M. A. J. 7:481, 1917. 

2. Blumer, G.: Bronzed Diabetes (Hemochromatosis) : Report of a Case and 
Review of the Literature, Proc. Connecticut M. Soc., 1911. p. 190. 
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noticed reddish “pimples” over his body, which had increased * to form 
bluish patches. Seven, and again five days, before admission he had experienced 
slight epistaxis. His legs below the knees had been swollen for a week 

His dietary history revealed a long-standing deficiency of fruits and vegetables 
and the fact that for six months he had eaten no meat. 

Examination.—He was a well developed, fairly well nourished man, cyanotic 
and hyperpneic. The lower eyelids were puffy. The gums were swollen and 
bleeding, with necrosis along their margins. A diffuse papulohemorrhagic rash 
involved mainly the extensor surfaces of the forearms and, to a lesser extent, 
the upper parts of the arms and thighs. On the inner aspect of both legs below 
the knees were extensive purplish areas. A few fading lesions were scattered 
over the chest and abdomen. Both legs were swollen. In the chest, there were 
signs of diffuse pneumonia, and the heart was moderately enlarged, without 
murmurs or friction rub. The systolic blood pressure was 138 mm. of mercury 


Tas_e 1.—Laboratory Findings in Both Cases of Hemochromatosis 


Determination Case 1 (J. M.) Case 2 (T. N.) 


Red blood corpuscles..... 3,000,000 per ¢c.mm 3,100,000 per c.mm 
Hemoglobin (Sahli)....... 58 per cent 75 per cent 
White blood cells....... 3,250 per c.mm 6,250 per c.mm 
Neutrophils........... 72 per cent 59 per cent 
Lymphocytes.... 26 per cent 41 per cent 
100,000 per ¢c.mim. 200,000 per ¢.mm 


4 minutes, 30 seconds 
2 minutes, 30 seconds 
103 mg. per 100 cc 


3 minutes, 45 seconds* 
3 minutes, 10 seconds? 
139 mg. per 100 cc.} 


Wassermann reaction of blood... Negative Negative 

Blood culture. No growth No growth 

Liver function test ; eesen are Slight retention after 30 min § 

Gastric analysis.......... Normal aciditys 

Urine: Albumin...... Slightest possible trace 
Negative 

Occasional white and Negative 

red blood cells 


Sediment.... 


* One month later: 3 minutes, 10 seconds. 

+ One month later: 7 minutes, 10 seconds. 

? Determination made one month after admission. 

§ Intravenous bromsulphalein six weeks after admission 
# Six weeks after admission. 


the diastolic, 76 mm. The abdomen was distended. Neither liver nor spleen was 
felt. 

The laboratory findings are recorded in table 1. X-ray pictures of the chest 
taken on admission showed a diffuse pneumonic process with no evidence of fluid. 

Course—The patient was digitalized. A diet high in vitamin content with 
orange and tomato juice was attempted, but he took nourishment poorly. On one 
occasion he vomited material like coffee grounds, which gave a strongly positive 
result in the guaiac test for blood. On the third day fluid appeared in the right 
knee joint. The temperature was irregular, between 100 and 103 F. After six 
days the purpura began to fade and the patient seemed brighter, although gener- 
alized subcutaneous edema, bilateral pleural effusion and ascites had developed 
By abdominal paracentesis on the eighth day 2,500 cc. of straw-colored fluid was 
obtained, which yielded no growth on culture. His cyanosis and respiratory 
dificulty progressed, and he died eight days after admission 

Pathologic Observations—Necropsy was performed one hour after death by 
Dr. George C. Wilson. The skin and sclerae were slightly icteric. Numerous 
dark red spots were scattered over the legs. On the thighs, these were not more 
than 2 mm. in diameter and usually surrounded the hair follicles, but on the 


Olotting time......... 
Bleeding time... . 
Blood sugar... 
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ankles the hemorrhages were confluent and were from 1 to 5 cm. in diameter 
There was pitting edema over the extremities up to the pelvis. There were 
numerous hemorrhages in the skin of the scrotum. The peritoneal cavity con- 
tained fully 2 liters (2,000 cc.) of pale opalescent fluid; the peritoneal surfaces 
were smooth. In each pleural cavity about 730 cc. of clear fluid was found. A few 
firm, ribbon-like adhesions bound the pleural surfaces together in the regions 
of the apexes and bases. The pericardial sac contained about 175 cc. of straw 
colored fluid, in which were a few weblike masses of pale brown, semisolid 
material. 

On microscopic examination, the skin showed a small amount of golden-yellow 
pigment granules, especially in the connective tissue cells adjacent to the sweat 
glands. The epithelial lining cells of the thyroid and prostate glands were well 
supplied with hemosiderin. The right knee joint was opened, but contained no 
blood. The bone marrow from the tibia was yellow, fatty and acellular. The brain 
and spinal cord were not examined. The important observations in the various 
other organs are recorded in table 2. 

Anatomic Diagnosis —The primary conditions were: hemochromatosis; gingi- 
vitis; anemia; multiple subcutaneous hemorrhages; fibrosis of the heart, liver and 
pancreas; ascites; hydrothorax; subcutaneous edema; pulmonary atelectasis, and 
focal pneumonia (bilateral). Subsidiary were fibrous pleural adhesions (bilateral). 

Case 2.—T. N., a 42 year old American truck driver, was admitted to the 
hospital on May 23, 1928. 

History—About five months before entry he noted swelling and redness of his 
gums and loosening of his teeth. Six weeks before entry he had a “cold” of 
three weeks’ duration, associated with a series of night sweats and a productive 
cough. He experienced progressive weakness, pains in the joints and stiffness, 
especially involving his knees, ankles and shoulders, and observed tiny purplish 
spots over both shins. These spots increased in number and, for days before entry, 
a purplish area the size of a silver dollar appeared on the inner aspect of the left 
knee, which tripled its size within twenty-four hours. Except for a slight 
transitory remission, the pains in his joint and his weakness progressed to the point 
of collapse on the evening of admission. He had lost 32 pounds (14.5 Kg.) 
within a year. For six months his diet had been deficient in fruit and green 
vegetables. He rarely used alcoholic liquors. 

Examinaiion.—He was well developed and moderately emaciated. He com- 
plained of pain wherever touched. The hair of the chest, axillae and eyebrows 
was scanty; the hair of the head was soft and fine in texture. His skin was 
sallow and of a muddy shade. Petechial hemorrhages were scattered over the 
body and extremities. On the legs were ecchymoses from a few millimeters to 
about 5 cm. in diameter, with multiple smaller ones surrounding the hair follicles. 
One large area of ecchymosis extended from the groin to below the left knee 
The left knee and ankle were swollen. The right shin was covered with a raised, 
hard, red hematoma. There were a few conjunctival petechiae. His gums bled 


easily and were red and swollen with submucous hemorrhages. Many of his 


teeth were out, and the remaining ones were loose. There was a slight general 
adenopathy. The heart and lungs were not remarkable. The systolic blood 
pressure was 130 mm. of mercury; the diastolic, 80 mm. Generalized tenderness 
over the upper part of the abdomen extended downward to the umbilicus. The 
liver was palpable 4 fingerbreadths below the costal margin in the right mammary 
line. It was hard and tender. The spleen was just palpable on inspiration. 
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The laboratory findings are recorded in table 1. X-ray pictures on May 234, 
June 12 and Sept. 17, 1928, showed no evidence of subperiosteal hemorrhages ot 
the femora, tibiae or fibulae. On June 23, 1928, a roentgenogram of the chest 
revealed no evidence of pneumonia or of fluid. 

Course.—On large amounts of orange juice the patient began to show improve- 
ment within forty-eight hours; there was no extension of the purpura and 
the pains in his joints were less severe. Within three weeks his red blood cell 
count had increased to 3,900,000 per cubic millimeter and thereafter maintained 
a level of 4,000,000. During the first month he had two febrile periods of a few 
days’ duration, associated with hyperesthesia of the left upper quadrant and hepatic 
tenderness. Except for these intervals, his temperature ranged between 98 and 
100 F. His purpura gradually disappeared, and he gained strength. He began to 
show slight glycosuria, which increased in frequency and degree. Four months 
after admission insulin was started. His diabetic course is discussed in another 
paper.* 

Although he gained slowly in weight and strength, his pigmentation increased 
On the morning of December 12, one hour after he had apparently recovered 
trom a mild insulin shock, treated with orange juice, he began to have transient 
auricular fibrillation. Thereafter, in a series of hypoglycemic reactions, he 
repeatedly exhibited auricular fibrillation, which ceased after the administration 
of dextrose. Three months later he had an attack typical of coronary occlusion, 
which lasted about one hour. Within the next week auricular fibrillation became 
fixed, and edema developed, which was temporarily relieved by digitalization 
An x-ray plate of his chest showed the heart to be enlarged in all dimensions 

One month before death a transient crop of petechiae developed on his hands 
The edema recurred with bilateral pleural effusion. On May 29, 1929, he died 
of circulatory and hepatic failure after being in the hospital for a period of three 
hundred and seventy-one days. 

Pathologic Observations—Necropsy was performed two hours after death 
The skin of the chest and abdomen exhibited faint brownish pigmentation. There 
was slight pigmentation of the skin of the hands. Over the lower extremities 
from the knees down there was a marked degree of patchy, brown pigmentation 
more marked anteriorly. Edema was present in both lower extremities and in 
the foreskin and scrotum. A yellow, slightly cloudy fluid was found in the 
peritoneal and both pleural cavities; but, except for adhesions around the spleen 
and between the apex of the right lung and pleura, the peritoneal and pleura! 
surfaces were smooth. The skin from the chest showed little pigment micro- 
scopically, except in a few connective tissue cells about the sweat glands. The 
thyroid and prostate glands, the testes and many lymph nodes, especially those in 
the region of the pancreas and abdominal aorta, contained intracellular pigment, 
which stained with hemotoxylin-eosin and Perl’s stains. The stomach was greatly 
contracted; the mucosa was medium dark brown, and hemosiderin granules were 
demonstrated in the acidophilic and, to a slight extent, in the other epithelial 
cells. A slight amount of pigment was found in the endothelial cells of a few 
small blood vessels of the skin and bone marrow. The bone marrow from the 
right tibia was yellow, somewhat watery and aplastic. The brain was not 
examined; there were no changes in the spinal cord. The other pathologic obser- 
vations are recorded in table 2. 


3. Stetson, R. P., and Peters, J. P.: The Carbohydrate Metabolism in a Case 
»9t Hemochromatosis, Arch. Int. Med., this issue, p. 226. 
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Anatomic Diagnosis —The primary conditions were: generalized pigmentation 
involving particularly the liver, pancreas, spleen and lymph nodes (clinically, 
bronze diabetes); fibrosis of the liver, spleen and pancreas; ascites; edema of 
the lower extremities, and hydrothorax (bilateral). Subsidiary were hypertrophy 
and dilatation of the heart, fibrous adhesions of the pleura (right) and hyaline 
perisplenitis. 

COMMENT ON THE PATHOLOGIC OBSERVATIONS 

From the standpoint of pathologic anatomy, these cases differ but 
little from those described in the literature, except that the cutaneous 
pigmentation was minimal. In case 2, the pigment in practically every 
organ gave the blue reaction of hemosiderin with Perl’s stain. In the 
first case, the iron pigment was also widely distributed. The organs 
involved by the pigmentation and those that showed fibrosis were the 
organs usually involved in this condition. Although the pancreas in 
both patients showed a moderate degree of fibrosis, there was no hyalini- 
zation of the islands of Langerhans. In the patient in case | there 
seemed to be a slight diminution in the number of these structures. 
His diabetes was minimal. This lack of correspondence between marked 
insular change and the clinical picture of diabetes is not unusual. 
Sheldon,* however, noted a correlation between the severity of diabetes 
in hemochromatosis and the amount of pigment deposited in the pan- 
creas. Our cases suggested a similar correlation. 

The necropsy observations that might be correlated with the clinical 
scorbutic manifestations were slight. In case 1, large and small extrav- 
asations of blood were seen in the skin, and the gums were spongy, 
dark red and receded from the teeth, which were loose. No subperios- 
teal or joint hemorrhages were found. In this case, the extent of 
the cutaneous hemorrhage was much greater than that described in the 
literature in other cases of hemochromatosis. In case 2, the purpura 
seen on admission disappeared following antiscorbutic treatment and 
left little evidence of its former presence. 

In both necropsies, cultures were made from a number of the 
organs. As yet, the significance of the isolation of various types of 
micro-organisms post mortem is not clear, and the possible relation to 
the clinical picture is difficult to evaluate. In case 1, the general recovery 
of a hemolytic streptococcus is suggestive of an infection of the blood 
stream. The elevation of temperature during the patient's last days 
of life can be explained on this basis. The significance, if any, of the 


recovery of Bacillus sporogenes from the liver in case 2 is doubtful. 


4. Sheldon, J. H.: The Iron Content of the Tissues in Hemochromatosis, with 
Special Reference to the Brain, Quart. J. Med. 24:123, 1927 
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POSSIBLE FACTORS IN THE PURPURA OF HEMOCHROMATOSIS 


Hemorrhagic manifestations other than purpura are mentioned in 
6 per cent of the cases of hemochromatosis reported in the literature 
Bork,® in reviewing a large series of cases of hemochromatosis, found 
evidence of bleeding in the serous cavities, kidneys and especially the 
gastro-intestinal tract. Many of these manifestations may be attributed 
to the effects of portal obstruction. 

The importance of the pigmentary cirrhosis of the liver as a factor 
in the development of the purpuric lesions of hemochromatosis must 
be recognized. The influence of the liver on coagulation of the blood 
and production of fibrinogen is great, although even in the presence of 
extensive damage to the liver there may be little demonstrable change 
in either of these factors. Nissen,” in an analysis of 117 cases of 
cirrhosis of the liver, did not record the occurrence of purpura; Rolles- 
ton? mentioned petechiae in cirrhosis, whereas Potter and Milne * stated 
that the hemorrhagic manifestations encountered in hemochromatosis 
are no more than can be observed in any series of cases of cirrhosis of 
the liver. 

In neither of the cases of hemochromatosis reported here does it 
seem justifiable to explain the purpura as wholly due to the hepatic 
damage. Both patients gave a history of definite dietary deficiencies, 
and in both cases the clinical picture on admission demanded the con- 
sideration of scurvy in the differential diagnosis. In case 1, extensive 
pneumonia and sepsis from a possible infection of the blood stream 
graited on cirrhosis of the liver offer an adequate explanation for the 
development of symptomatic purpura, although the condition of the 
gums early in the illness and the preexisting dietary deficiency make a 
scorbutic element likely. Certainly, a definite diminution of this patient’s 
purpura was observed after his ingestion of limited quantities of orange 
and tomato juice. A mild respiratory infection brought the patient in 
case 2 into the hospital. His purpura was typically scorbutic and dis- 
appeared under antiscorbutic treatment in the face of advancing hepatic 
insufficiency. This case offers interesting material for speculation that 
the development of scurvy is enhanced by hemochromatosis. 


5. Bork, K.: Zur Lehre von der allgemeinen Hamochromatose, Virchows 
Arch. f. path. Anat. 269:178, 1928. 

6. Nissen, H. A.: Analysis of One Hundred and Seventeen Cases ot 
Cirrhosis of the Liver, M. Clin. North America 4:555 (Sept.) 1920. 

7. Rolleston, H.: Portal Cirrhosis, Oxford Medicine, New York, Oxford 
University Press, 1921, vol. 3, p. 374. 

8. Potter, N. B., and Milne, L. S.: Bronzed Diabetes: Report of a Case, 
with Special Reference to the Involvement of the Pancreas in Diabetes, Am. J. M. 
Sc. 143:46, 1912. ar 
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The appearance of scurvy in clinically recognized form has been 
infrequent in recent years. Minot,’ discussing the clinical aspects ot 
vitamin deficiencies, suggested that arteriosclerosis may enhance the 
development of scurvy by damage to the blood vessels, which may pre 
vent the cells from obtaining a suitable supply of active antiscorbut 
principle. Mettier, Minot and Townsend,"" in a recent study of scurvy 
in adults, stated that “conditions due to vitamin deficiencies and due to 
lack of certain hormones are brought forth or intensified under various 
adverse conditions; for example, infectious processes, chronic fatigue. 
and excesses of various sorts.” Deposits of pigment in and around the 
capillaries produce definite injury to the vascular and perivascular tis 
sues. Not only may this enhance the development of hemorrhagi 
manifestations by direct injury to the vascular system, but the absorp 
tion of protective substances from the blood stream by the tissues may 
be impaired in a way analogous to that suggested in arteriosclerosis.” 
and susceptibility to scurvy thus be produced. 

Diarrhea and other gastro-intestinal complaints have been featured 
in the symptomatology of many of the reported cases of hemochroma 
tosis. In some, the finding of pigment deposits in the gastro-intestinal 
tract at postmortem examinations has been noted and discussed. As a 
result of such deposits, the absorption of antiscorbutic substances from 
the intestine may be impaired, and this may necessitate, to insure pro 
tection against scurvy, the ingestion of larger amounts of potent sub 
stances than a normal person would require 


SUMMARY 


1. Purpura or hemorrhagic manifestations have been observed in 
15 per cent of the 153 cases of hemochromatosis studied in the literature 

2. The clinical and pathologic observations in 2 cases of hemo 
chromatosis with initial symptoms of scurvy are reported, and the patho 
logic observations are discussed. 

3. Possible mechanisms for the development of the hemorrhagic 
manifestations of hemochromatosis are discussed, and it is suggested 
that hemochromatosis may predispose the subject to scurvy. 

9. Minot, G. R.: Some Fundamental Clinical Aspects of Deficiencies, Ant 
Int. Med. 3:216, 1929. 

10. Mettier, S. R.; Minot, G. R.. and Townsend, W. C.: Scurvy in Adults 
Especially Effect of Food Rich in Vitamin C on Blood Formation. J. A. M.A 
95:1089 (Oct. 11) 1930 


IMPORTANCE OF HEPATOMEGALY AND SPLENO- 
MEGALY IN DIFFERENTIAL DIAGNOSIS 


MOSES BARRON, M.D. 
AND 
A. B. LITMAN, M.D. 
MINNEAPOLIS 


The liver and the spleen show greater variations in size under 
abnormal states than any other organs of the body. Livers weighing 
from two to four times the normal and spleens from five to twenty times 
the normal are not infrequently encountered. Since these organs are 
so situated that on enlarging they soon become palpable, definite 
enlargements become helpful in differential diagnosis. Unfortunately, 
moderate enlargements are not so helpful in diagnosis, because they are 
encountered under such a large variety of conditions. However, mas- 
sive enlargements—splenomegaly and _ especially hepatomegaly—are 
caused by relatively few diseases, and the knowledge of this fact will 
greatly aid in arriving at a correct differential diagnosis by precluding 
from consideration a large group of diseases that could scarcely be the 
basis of such enlargement. 

In order to establish as accurately as possible the conditions that may 
give rise to large livers and spleens, the present study was undertaken. 


MATERIAL 


It consists of the protocols of 12,000 autopsies performed during the 
past ten years between Jai. 1, 1921, and Jan. 1, 1931 (table 1). It 
must be understood at the outset that such autopsy material represents a 
group of cases that does not furnish an accurate cross-section of the sick 
population of the country or even of the entire local community. 
Nevertheless, conditions that would not be encountered in this study 
should be infrequent, since this series represents the autopsies performed 
at most of the hospitals in Minneapolis, including the University Hos- 


pital and the Minneapolis General Hospital, as well as those performed 


outside these hospitals. Included also are all the coroners’ cases and 


From the Department of Medicine, University of Minnesota. 

Delivered before the Minnesota Academy of Medicine, St. Paul, Minn., Nov. 
11, 1931. 

The material for this study was obtained in the Department of Pathology of 
the University of Minnesota, through the permission of Dr. FE. T. Bell. 
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many of the autopsies performed in St. Paul in and outside ot the 
hospitals. The entire mass of material was carefully scrutinized and 
tabulated as may be seen in tables 2 and 3. Included in these tables are 
those conditions that produce livers weighing over 2,200 Gm. and 
spleens weighing over 300 Gm. The basis for this arbitrary choice ot 
figures is the fact that livers and spleens generally become palpable 
when they reach such proportions. The average normal weight of the 
adult liver is between 1,500 and 1,900 Gm. and of the adult spleen 


1.—Mayor Causes of Death from Jan, 1, 


Total number of autopsies performed 12,134 
Autopsies on infants and children, not reviewed. 2,400 (eire 
Total number reviewed 9,280 
Records incomplete 450 (cir 


Malignant tumors 
Accidents 


Cerebral hemorrhage (apoplexy)....... 
Acute and chronic alcoholism. 


Year ‘ Alcoholism = Per Cen 


1921.. 
19 

1923... 
1924... 
1925... 
1926... 
1927.. 
1928. . 
1929. . 
1930... 


Meningitis 

Cirrhosis of the liver 
Nephritis 

Diabetes 

Abortion 

Puerperal sepsis . 
Hodgkin's disease 
Typhoid fever . 


between 90 and 200 Gm. A biometric statistical study of a larger series 
of cases is in preparation to determine the range of weights of these 
organs in different diseases. Curves representing normal weights 
derived from the study of cases of accidental death from this series are 
soon to be published by Dr. Edith Boyd, of the Department of Child 
Welfare of the University of Minnesota. Only adults are included in 
our study. 


INCIDENCE AND DEGREE OF HEPATIC SPLENIC ENLARGEMENTS 
IN VARIOUS DISEASES 


Tables 2 and 3 show the distribution of enlargements of the liver 
and the spleen among the various diseases and in the different weight 


1921, to Jan. 1, 1931 
1,582 
1,042 
Pneumonia ... 808 
Tuberculosis (exclusive of cases with amyloidosis) 17 
574 5 O.87 
‘ 649 13 2.00 
849 14 1.70 
860 2.50 
1,061 18 1.70 
1,161 i 2.80 
: 1,353 0 2.20 
1,736 29 1.70 
1,909 1.80 
1,082 2 1.70 
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groups. The weights as recorded are in many instances considerabl|; 
less than the weights of the organs in the body during life, because ot 
the loss of blood content. It should be observed that this series does 
not include certain other diseases found in tropical and subtropica! 
countries which may also produce hepatomegaly and splenomegaly, such 
as malaria, kala-azar, and amebic abscesses of the liver. Still another 
group of diseases is not present in this list, the absence of which cannot 
be so readily explained. Not a single case of Gaucher's disease was 
found, that peculiar, rare disease characterized by “foamy” enlarged 
cells of the reticulo-endothelial system of the body which may produce 
spleens weighing as much as 8,000 Gm. There is also a striking absence 
of congenital hemolytic jaundice and polycythemia vera (Osler’s dis- 
ease, Vaquez’ disease), and there is only one case of Banti’s disease 
In this case, the spleen aveighed 780 Gm., but at autopsy there were such 


TaBLe 4.—Banti’s Splenomegaly (Postoperative Spleens) 


Splenic Weight, Gm.* Comment} 


Spleen extended to navel; histologically, Banti’s disease 

Histologically, Banti's disease 

In boy 14 years old; histologically, Banti’s disease 

Histologically, Banti'’s disease 

Marked fibrosis of reticulum; histologically, Banti's disease 

Splenomegaly, leukopenia 

Banti’s disease, with cirrhosis of liver 

Marked fibrosis 

Histologically, Banti’s disease; later, blood changes of lym- 
phatie leukemia developed; still later, diagnosis became 
uncertain.t 


* No weights given in half of the cases; none of the spleens very large. 

+ Last case definitely not Banti’s disease. 

t In group of spleens operated on were included one from a patient who had Gaucher’: 
— and two from patients who had hemolytic jaundice; the weights of these spleens ar 
not given. 


marked perisplenitis and perihepatitis—probably the result of the 
numerous tappings for ascites—that on account of the marked surface 
inflammation the case was included in the miscellaneous group. One 
other case of Banti’s disease was not included because there had beet 
a splenectomy performed three years previously, and the weight of the 
spleen could not be obtained. It is undoubtedly true that many cases 
clinically diagnosed as Banti’s disease are really cases of aleukemia 
cirrhosis of the liver, thrombosis of the splenic vein, etc. In order t 
determine the average weight of Banti’s spleens, the records of the 
spleens operated on were gone over, and the findings are indicated in 
table 4. The chief characteristic of this disease is the secondary anemi 
with leukopenia together with an enlarged firm spleen that histo- 
logically shows marked fibrosis. 

It will be noted from table 2 that enlarged livers weighing less that 
twice the normal weight are found in such a large variety of conditions 
that by themselves they prove of little value for differential diagnosts 


No. 
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Op. 22-457 ? 
: Op. 22-474 545 
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: Op. 24-82 640 
Op. 25-842 800 
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It is only when a true hepatomegaly of 4,000 Gm. or over is encoun- 
tered—a liver that on the average reaches down to the level of the 
umbilicus—that the enlargement becomes significant. The same holds 
true for the spleens weighing below 550 Gm. A spleen weighing 
600 Gm. is easily palpable, since it usually extends down to about 4 or 
5 cm. below the costal margin. 


IMPORTANCE OF HEPATIC AND SPLENIC ENLARGEMENTS IN 
DIAGNOSIS OF VARIOUS DISEASES (COMMENT 
ON TABLES 2 AND 3) 


Heart Disease —In heart disease, the condition of the liver is of 
little significance. The enlargement of the liver is only moderate, being 
the result of acute or chronic passive congestion. The spleen is also 
only moderately enlarged; in very few cases it reaches a size of from 
600 to 900 Gm. The enlargement is due, as in the case of the liver, to 


TABLE 5.—Hepatomegaly 


Cases in Which Liver Weighed 
Total 4,000 Gm. or More* 
Cases Number Per Cent 


Carcinoma 
(a) Stomach... 
(b) Pancreas.... 
(ec) Liver........ 


(g) Miscellaneous (vulva)..... 
| 
Leukemia 

Amyloidosis........ 

Hodgkin's disease.. 


COM 


6 
2 
2 
2 
1 
1 
5 
2 
2 
1 


8 


* Of the thirty-five cases In which the liver weighed more than 4,000 Gm., twenty-five, or 
71.4 per cent, were due to metastatic carcinoma; five, or 14.3 per cent, were due to melanoma; 
two, or 5.7 per cent, were due one to leukemia and one to amyloid, and one, or 2.9 per cent, 
was due to Hodgkin’s disease. Eighty-six per cent were therefore due to carcinoma. 


passive congestion with mild replacement fibrosis, the so-called cyanotic 
induration. Since the cause of these hepatic and splenic enlargements is 
generally easily recognized, such enlargements offer no difficulties in 
diagnosis. It might be pointed out, however, that the enlarged liver in 
this condition means passive congestion from congestive heart failure, 
and therefore is an important finding to substantiate the diagnosis of 
cardiac decompensation. 

Cancer.—As may be seen from table 5, malignant tumors comprise 
the principal source for hepatomegaly, producing the enlargement in 
86 per cent of the livers weighing 4,000 Gm. and over. It is to be noted 
that sarcoma is not included in this table because sarcoma produces 
enlargement neither of the liver nor of the spleen. Melanoma, on the 
other hand, was responsible not only for the enlargement in some of 
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the most massive of the livers, but also for the greatest incidence, 
39 per cent, of such enlargement; 27 per cent of the livers affected by 
melanoma weighed over 4,000 Gm. In the matter of metastases, there- 
fore, melanoma resembles carcinoma, and this characteristic lends great 
support to those authorities who insist that melanoma should be classi- 
fied as melanocarcinoma and not as melanosarcoma. q 

Of the carcinomas proper, those of the stomach produced the largest 
number of hepatomegalies. It will be seen from table 5 that carcinomas 
of the gastro-intestinal tract and its appendages (pancreas, liver) almost 
exclusively produce these very large livers. The only exceptions were 
two carcinomas of the lung, and one carcinoma of the vulva. Tumors 
of the prostate, uterus and breast practically never produce true hepato- 
megalies.’ 

A striking feature of hepatic enlargement in some cases of metastatic 
carcinoma is the rapidity of its development. In case 1, a massive 
enlargement developed in about a month. In case 2 a huge enlargement 
occurred in less than three weeks. An explanation for the rapid increase 
in size was found at the postmortem examination in case 1 (see a later 
paragraph) ; large masses of infiltrated lymph nodes surrounding the 
portal vein were seen to have infiltrated and ruptured into this blood 
vessel and thus produced miliary metastases throughout the liver. 
Naturally such a spread would result in very rapid enlargement. In 
several of our cases the liver enlarged threefold within a period of a 
few weeks. 

Another important fact to remember is that not infrequently carci- 
nomas and especially carcinomas of the liver may cause very high septic 
temperature similar to that seen in cases of portal thrombosis or hepatic 
abscess. Case 2 is a striking illustration of this. The fever in this case 
was so pronounced that we were convinced that the enlargement was on 
an infectious basis. We were rather disappointed not to find pus after 
a number of attempted aspirations through puncture. We should, how- 
ever, have known at the outset that the size of the liver, which extended 
several fingerbreadths below the umbilicus, practically excluded the pos- 
sibility of the enlargement being due to an infectious process. In five 
of the seven cases of hepatic abscesses in the present study (included 
under the miscellaneous group), the weights ranged between 2, and 
2,500 Gm.; one liver, owing to amebic abscess, weighed 2,800 Gm.; the 
seventh case was somewhat complicated in that there was acute pyle- 


phlebitis superimposed on a chronic hepatic condition, probably biliary 


1. Since writing this paper, a case has come to autopsy in which there was 
found a very large nodular liver, weighing 4,350 Gm., riddled with cancer nodules, 
the primary growth of which was in the prostate, whence it had broken through 
into the bladder. This is the only case encountered of a hepatomegaly from sucli 
a primary location. In this case, also, the liver enlarged very rapidly. 
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cirrhosis. This liver was riddled with abscesses and weighed 3,800 Gm 
We are therefore justified in concluding that inflammatory and sup- 
purative conditions in the liver seldom if ever need to be considered 
when there is definite hepatomegaly present, even when accompanied by 
high fever. 

In striking contrast to the relative frequency of enlargement of the 
liver in cases of tumors is the almost complete absence of any such 
enlargement in the spleen. Of over 1,000 cases of malignant growths. 
only 7, or less than 1 per cent, showed any definite splenic enlargement 
In one of these, the increase was due to a tumor metastasis; in another, 
to extension of an abscess from the colon; in the rest, the enlargement 
resulted principally through congestion from pressure of the enlarged 
lymph nodes on the splenic vein. This relative absence of splenic 
enlargement in malignant conditions is an important fact to remember 

In seventy-five cases of sarcoma there was no single occurrence of 
hepatic enlargement, and in only one case did the spleen reach a weight 
of 450 Gm. The absence of hepatic enlargement in sarcoma may there 
fore be used for differential diagnosis from carcinoma. 

Acute Infections—The acute infections—pneumonia, peritonitis 
ineningitis and typhoid fever—present only moderate enlargements of 
the liver and spleen. In these instances, the enlargement of the liver is 
due principally to cloudy swelling; the spleens are enlarged from acute 
congestion and splenitis. In the case of typhoid fever there is moderate 
enlargement of both liver and spleen in 16 per cent of the cases and oi 
the spleen alone in 33 per cent (table 6). The miscellaneous acute infec- 
tions were associated with several rather large spleens, five of which 
weighed between 900 and 1,400 Gm. These enlargements were due to 
acute splenitis.” The hepatic weights in this group did not go above 
3,500 Gm. 

Traumatic Conditions.—-Fractured skulls and other traumatic condi-+ 
tions and cerebral hemorrhage produce moderate enlargement of bgth 
liver and spleen, and this is the result of acute congestion,.cloudy swell 


ing and fatty changes. It is very likely that in a-consiglerable. number 


of cases included in the group of accidents the enlargement*of the liver 
was a result of fatty changes due to alcoholism. About the same may 
be said in the cases of suicides. is 

Tuberculosis —This disease presents nothing significant, except that 
yl rimary tuberculosis of 
the spleen may produce a very large organ, but this condition is 
extremely rare. 


it is the most important cause of amyloidosis. 


Alcoholism.—Acute and chronic alcoholism is responsible for 22 per 
cent of the enlarged livers. The enlargement is caused principally by 
fatty changes. The spleen seems practically unaffected. If we may be 
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permitted to digress, it might be pointed out that the number of cases of 
acute and chronic alcoholism (table 1) has not been at all reduced by 
prohibition, but has actually increased. From three such cases in 1919 
and two in 1920, there has been a progressive increase to a total of 
thirty-three cases, or 2.8 per cent of the number of autopsies performed. 
in 1926. 

In the group of undetermined cases there was one case in which the 
spleen weighed over 1,200 Gm. This was a case of abscess of the 
abdominal wall. The pathologic condition seemed to be simple acute 
splenitis. 

Cirrhosis of the Liver—Cirrhosis of the liver is an interesting sub- 
ject, since the study reveals the fact that contrary to the general belief 
there is practically no true hepatomegaly in this condition. At autopsy, 
in about one half of the cases, the livers presented were smaller than 


TaBLe 6—Combined Hepatic and Splenic Enlargement 


Combined 
Hepatic and Splenic Enlargement Enlargement 
Enlargement, of Liver, of Spleen, 
Primary Cause of Deat! per Cent per Cent per Cent 


Gumma 

Subacute bacterial endocarditis 
Puerperal sepsis 

Typhoid fever... 

Hodgkin's disease 

Cirrhosis of liver 

Abortion 

Septicemia...... 
Amyloidosis..... 

Pernicious anemia 
Melanoma....... 


os 


pr 


normal, and in the other half the livers were either ngrmal in size or 
only moderately enlarged. In only 28 per cent, the livers weighed more 
than 2,200 Gm., and not one weighed more than 3,700 Gm. It is inter- 
esting to note that in case 1, in which the liver extended far below the 
umbilicus, and at autopsy weighed 6,150 Gm., the condition had been 
diagnosed clinically by excellent men as probable cirrhosis of the liver. 
The very size of the liver, together with its rapid enlargement, should 
have at once precluded such a diagnosis. One should remember, how- 
ever, that in cirrhosis the liver is usually in the atrophic stage when 
examined at autopsy, and that in most cases it has passed through the 
stage of considerable enlargement; this enlargement, however, seldom 
approaches the massive proportions found in cancer. The spleen in this 
condition shows a greater tendency to enlargement, weighing more than 
300 Gm. in 34 per cent of the cases and over 600 Gm. in 11 per cent of 
the cases (tables 3 and 7). Many cases of splenomegaly erroneous!) 
diagnosed Banti’s disease are probably due to cirrhosis of the liver. 


Septicemia, Puerperal Sepsis and Abortion—These conditions may 
be grouped together with reference to enlargement of the liver and 
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spleen. The liver shows very moderate enlargement, rarely over 
3,500 Gm. The spleen shows a more definite enlargement. Occasion- 
ally spleens are found weighing over 600 Gm. The enlargement is due 
to acute splenitis together with congestion. These conditions are sum- 
marized in tables 6 and 7. Glomerulonephritis occasionally shows slight 
enlargement of these organs, but the reason for that is not clear. In one 
case the spleen weighed over 600 Gm. This case, however, had an asso- 
ciated very severe anemia, the type of which was undetermined. 
Amyloidosis—An important group in this study is that of livers and 
spleens enlarged as a result of amyloidosis. When there is present a 


TABLE 7.—Splenomegaly 


Total Number in Which Spleen Weighed Diagnostic 
Number of ——-- Impor 
Cause of Death " * 1,000 Gm. tance’, 


Subacute bacterial endocarditis.. 1 2 plus 
Cirrhosis of liver.... 2 plus 
Hodgkin’s disease.. : 7 2 3 plus 
Acute infection ; 2 1 plus 
Carcinoma 

Pneumonia 
Septicemia ‘ 2 1 plus 
Amyloidosis. ; x 3 2 2 plus 
Abortion 


Pernicious anemia. 
Puerperal sepsis... 
Melanoma 
Tuberculosis... 
Gumma of liver. 
Typhoid fever.. 
Peritonitis....... 
Nephritis...... 
Histoplasmosis 
Undetermined. 


* Splenomegaly is of definite importance for diagnosis in leukemia, Hodgkin's disease, 
amyloidosis, subacute bacterial endocarditis, cirrhosis of the liver and gumma of the liver 
+ Exclusive of cases with amyloidosis. 


combination of enlargement of spleen and liver and albuminuria, 
together with a suppurative lesion (tuberculosis, chronic empyema, 
chronic osteomyelitis) or gumma, amyloid is probably present. Cases 3 
illustrates this point. Tables 5, 7 and 8 show that some of the very 
great enlargements of liver and spleen may be caused by this condition. 

Subacute Bacterial Endocarditis —This condition produces moderate 
enlargement of liver and spleen, both showing lesions in 27 per cent of 
the cases, the spleen itself being enlarged in 85 per cent of the cases 
(table 6). The splenic enlargement is a result of acute splenitis, fre- 
quently associated with infarctions. A sudden, sharp pain in the left 
hypochondrium that persists for some time in a case in which a cardiac 
condition obtains should strongly suggest subacute bacterial endocarditis, 
especially if fever is present. There is no type of acute infection that so 
frequently shows enlargement of the spleen or of both liver and spleen 
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as this type of endocarditis (table 6). The enlargement of the spleen 
therefore is an important finding for the diagnosis of this condition. 

Pernicious Anemia.—Pernicious anemia produces only slight enlarge- 
ment of the liver and spleen. The enlargement is due principally to 
overactivity in the blood pigment metabolism and to increased storage otf 
the blood pigments. 

Leukemia.—Leukemia forms the most important group in the 
enlargement of these organs, especially of the spleen. Under leukemia 
are included the lymphatic, myelogenous and mixed types, as well as the 
aleukemic states of these conditions. Lymphatic leukemia is generally 
associated with enlargement of the peripheral lymph nodes. In a gen- 
eral way, the spleen shows more massive enlargement in myelogenous 
leukemia than in lymphatic. Except in aleukemic states and the rare 


Tas_e 8.—Splenomegaly (1,000 Gm. or More) 


Cases in Which Spleen Weighed Cases in Which Spleen Weighed 
1,000 Gm. or More 1,400 Gm. or More* 


Per Cent Per Cent 
Primary Cause of Death Number of Total Number of Total 

Leukemia 19 65. 11 73.6 

Hodgkin's disease... 2 1 Jl 

Amyloidosis........ 2 1 

Acute infections.. : 2 

Subacute bacterial endocarditis 1 

Histoplasmosis... 1 3. 1 

Undetermined... 1 3. 


Total number of cases.. 29 14 


* Seven spleens weighed over 2,000 Gm. each, the largest weighing 3,760 Gm., or more than 
twice the weight of the normal liver. These were all from patients who had leukemia. 
cases of benign lymphadenoses, a definite diagnosis can readily be estab- 
lished by careful examination of the blood. The liver is only moderately 
enlarged, rarely above 4,000 Gm. In one case, however, it reached the 
enormous weight of 7,800 Gm. The striking feature of this group of 
cases is the marked splenomegaly. Of the sixty-four cases, forty-nine, 
or 76 per cent, showed splenic enlargement, and nineteen, or 30 per cent, 
of the spleens weighed over 1,000 Gm. (table 8). 

In the entire series, seven spleens weighed 2,000 Gm. and over, and 
in all of these the increase was due to leukemia. The largest spleen 
weighed 3,760 Gm., or more than twice the weight of a normal liver and 
about twenty-five times the weight of a normal spleen. Tables 7 and 8 
show how leukemia is foremost in causing splenic enlargement, and 


table 6 shows that it produces also the most frequent combined enlarge- 


ments. 
Diabetes —Diabetes shows no significant hepatic or splenic enlarge- 
ment. 
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Hodgkin's Disease—This disease forms another interesting group 


for study. Ina total of thirty-seven cases, nine of the spleens weighed 
over 600 Gm., and two over 1,000 Gm. each. The importance of this 
disease in splenomegaly is second only to that of leukemia (table 8) 
The splenic and hepatic enlargements are due to nodular infiltrations 


THOUSANDS 
OF DEATHS 
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AGE GROUPS 


Deaths from heart disease and other principal causes in the United States 
Registration Area in 1924: heavy solid line, heart disease; light solid line, cancer ; 
dotted line, pneumonia; dash line, tuberculosis; dash-dot line, nephritis 
line, cerebral hemorrhage. 


; dash-bar 
with the characteristic granulomatous (Hodgkin's) tissue. The liver 
shows moderate enlargement in some of the cases. Usually this dis- 
ease presents marked increase in the size of the superficial and deep 
lymph nodes, a biopsy of which generally establishes the diagnosis. In 
a few rare cases there are no glandular enlargements, but there develops 
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an undulant type of fever that is characteristic. In this so-called Pel- 
Ebstein type of Hodgkin’s disease a large spleen can often be palpated. 

Gummas.—Gummas are rare, and gummas of the liver are still more 
infrequent. Only seven cases were found in this series, exclusive of 
four cases of congenital cirrhosis of the liver. Of the seven cases, four 
showed hepatic enlargements between 2,200 and 3,500 Gm. The spleen 
was enlarged in four cases, and in one it weighed over 1,000 Gm. In 
about one third of the cases, both spleen and liver were enlarged. It is 
important to remember, therefore, that gumma of the liver is rare and, 
when present, does not produce massive hepatomegaly. 

Histoplasmosis—There was one unusual case of histoplasmosis in 
which the spleen was enormously enlarged, weighing 1,450 Gm. Little 
need be said about this condition, because of its extreme rarity. 


GENERAL COMMENT 

This statistical analysis of all the cases presenting enlarged livers in 
our series demonstrates that marked hepatomegaly of 4,000 Gm. or over 
is present in only a few conditions. This is clearly shown in table 5. By 
far the greatest number of hepatomegalies encountered were secondary 
to carcinoma of the stomach, but the greatest percentage from any one 
condition is from melanoma, which ranks third in actual frequency. 
This table shows graphically how few are the conditions that can pro- 
duce true hepatomegaly, and also which conditions should be considered 
for differential diagnosis whenever a massively enlarged liver presents 
itself. Usually there is little difficulty in differentiating between 
Hodgkin’s disease, amyloidosis, leukemia, melanoma and carcinoma. 
When a very large liver is encountered, and the first four conditions can 
be ruled out, then it is imperative to make a careful study in order to 
locate the primary site of the carcinoma. Difficulties may arise in deter- 
mining definitely where the primary lesion is. However, a careful 
history and physical examination together with roentgen studies should 
seldom leave one in doubt as to the exact location of the primary tumor. 
The number of conditions to be considered in cases of splenomegaly 

is greater than in those of hepatomegaly. Table 7 shows the relative 
importance of the spleen in differential diagnosis. According to this 
table, the spleen is rated in leukemia as four plus, in Hodgkin’s disease 
as three plus, in amyloidosis, cirrhosis of the liver and subacute bacterial 
endocarditis as two plus, and in gumma, septicemia, abortion and miscel- 
laneous acute infections as one plus. Very massive splenic enlarge- 
ments, the spleen reaching the pelvic brim, are due almost exclusively to 
leukemia. Occasionally, however, amyloidosis, Hodgkin’s disease and 
acholuric jaundice may produce very great enlargement of the spleen. 
An extremely rare condition that may produce a huge splenic increase is 
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cyst of the spleen. Not a single case was encountered in this series. In 
our study of reports of autopsies, together with the operative records, 
true Banti’s disease appears to be rare, and the splenic enlargement in 
this disease in no case was great (table 4). From our observation it 
would seem that Banti’s disease is altogether too frequently diagnosed 
when an enlarged spleen is present. Gaucher's disease also is to be con- 
sidered, but in our series not a single case was found. The spleen alone 
was found to be definitely enlarged in more than 50 per cent of the cases 
of subacute bacterial endocarditis, leukemia, Hodgkin’s disease and 
gumma. The great frequency of splenic enlargement in subacute bacte- 
rial endocarditis is too little appreciated. The presence of combined 
hepatic and splenic enlargement is valuable for differential diagnosis as 
shown in table 6. Combined enlargement is most often encountered in 
leukemia, subacute bacterial endocarditis and gummias of the liver 


TasLe 9.—Death Rates per Hundred Thousand from Seven Principal Causes of 
Death in State of New York, Exclusive of New York City, 
from 1918 to 1926 


Cause of Death 1 928 92 23 1922 1920 61919 


Heart disease....... 0% 27: 26 27 26 3 243 221 
Cerebral hemorrhage. 12 ‘ i 28 32 127 123 
y 2 ‘ 5 109 106 
Nephritis......... 121 113 117 
Pneumonia..... 

Accidents......... 

Tuberculosis... 


Table 1 has been brought in only incidentally, as it illustrates some 
interesting facts, and the following comments, although obviously a 
digression, are of sufficient interest to warrant inclusion in this paper 
It will be noted that heading the list of causes of death is heart gtfease 
This is in accord with statistics as given in table 9 and the chart, general 
mortality statistics of the State of New York and of he United States 
Registration Area, respectively. The malignant tumors.in.our series 
occupy second place, although in table 9 and the chart they occur in third 
place. This is probably to be explained by the-fact that, because tumors 
afford greater interest to clinicians, they come to autopsy more fre- 
quently. Accidents hold third place in our series, and this figure 1s 
astounding. The high mortality from this cause in our series can be 
explained by the fact that coroners’ cases, which are so frequently cases 
of accidental death, are included in this study. An important lesson to 
be drawn from this observation is that mortality statistics might be 
greatly lowered by proper prevention of these accidental deaths, since 
most of them are preventable. 

Pneumonia and tuberculosis appear lower on the list. The figure 
for tuberculosis is probably a little low owing to the fact that many 
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patients die in distant sanatoriums, and this precluded postmortem 
studies by the department of pathology. The importance of acute and 
chronic alcoholism has already been referred to. There is one item in 
the list that needs special emphasis, and that is the relative infrequency 
of true nephritis or glomerulonephritis as a cause of death. It will be 
noted that deaths from heart disease were more than fifteen times as 
numerous as those from nephritis. This ratio is probably correct as 
judged from clinical experience; and the general statistics as shown in 
table 9 and the chart, where the death rate from nephritis is shown to be 
as high as from one half to one third of that from heart disease are 
unquestionably greatly exaggerated. This fact was emphasized by one 
of us in a previous paper,” where it was stated, “The frequency of 
nephritis is greatly exaggerated because many cases of cardiac decom- 
pensation associated with edema and albuminuria secondary to essential 
hypertension are being diagnosed as nephritis. A correction of this 
error would greatly lower the nephritic death rate and proportionately 
increase the death rate from heart disease.” It is possible that the 
statistics on the general mortality from nephritis are four or five times 
the actual incidence, as no one can doubt the greater accuracy of statistics 
from postmortem studies as compared with those from the general 
mortality report. One more item in table 1 is worthy of note, and that 
is the very low incidence of deaths from typhoid fever. Owing to 
improved sanitary conditions, especially in regard to water and milk 


supplies, typhoid fever now ranks among the minor causes of morbidity 


as well as of mortality. 
REPORT OF CASES 


Case 1.—M. T. S., aged 61, was seen in consultation on Nov. 17, 1930. In 
July, 1930, he had had chills and fever, which lasted two days, and pain in the 
right side of the chest; the diagnosis was pneumonia. He spat blood several times. 
On August 9, he was discharged in good condition, but was readmitted on October & 
because of persistent cough and expectoration. A roentgenogram of the chest 
showed peribronchial infiltration. On October 13, the liver was found enlarged: 
it increased in size very rapidly and within a month reached to 4 cm. below the 
umbilicus. On November 17, a diagnosis of primary carcinoma of the lung with 
metastases to the liver was made. The patient died on November 29. At autopsy, 
there were a massive tumor in the lower lobe of the right lung and a huge liver 
showing massive carcinomatous nodules, the organ weighing 6,150 Gm. The peri- 
pancreatic and perigastric lymph nodes were markedly infiltrated by the tumor 
Histologic sections in the region of the portal veins showed carcinomatous infil- 
tration of the wall of the vein with rupture into the blood stream. This finding 
explains the massive carcinomatosis of the liver, as well as the rapid enlargement 

Case 2—B. W. J., a woman, aged 45, in March, 1930, began to have attacks 
diagnosed as disease of the gallbladder. Later pain developed in the left lower 
quadrant of the abdomen. On July 13, fever developed, with marked weakness 

2. Barron, Moses: Cardiac Decompensation and Its Treatment, Minnesota 
Med. 12:487, 1929 
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nausea and progressive distention of the upper part of the abdomen. When scen 
on July 25, she presented an enormous liver extending 2 cm. below the umbilicus ; 
the liver had enlarged apparently in two weeks’ time. The temperature was septic, 
with daily variations from 99 to 102.4 F. and over. The blood showed about 50 
per cent hemoglobin; leukocytes, 9,000 to 15,000; red blood cells, 3,300,000. The 
stools showed occult blood. Slight jaundice developed. A diagnosis of probable 
hepatic abscess or subdiaphragmatic abscess was made. Aspirations gave negative 
results. On August 5, laparotomy showed massive carcinomatosis of the liver 
with the primary growth probably in the sigmoid. In this case, the temperature 
misled the observers in arriving at a correct diagnosis. 

Case 3.—A colored man, aged 33, was admitted to the General Hospital on 
Aug. 30, 1930, with a history and physical findings of extensive pulmonary tuber 
culosis of two years’ duration. The liver was found to be massively enlarged, 
extending to below the umbilicus. The urine showed 4 plus albumin; the blood, 
38 per cent hemoglobin, 3,600,000 red blood cells and 34,200 white blood cells; 
the temperature was septic. The large liver puzzled the resident staff. A diag 
nosis of amyloidosis should have been easy in this case from the history and find 
ings. At autopsy, the liver weighed 5,725 Gm., the spleen 550 Gm., and _ the 


kidneys 225 Gm. There was extensive amyloidosis in all these organs 


SUMMARY AND CONCLUSIONS 


1. This article presents a critical analysis of the weights of livers and 


spleens in a series of 12,000 autopsies. Certain tropical splenomegalies 
and hepatomegalies were obviously not present. .\ few other spleno- 
megalies, such as those resulting from Gaucher's disease, congenital 
hemolytic jaundice, polycythemia vera and Banti’s disease, were also not 
encountered. 

2. Enlarged livers and spleens—because of their accessibility to 
direct palpation—occupy a place of great importance in the diagnosis 
of certain conditions. 

3. Ordinarily only a few diseases, carcinoma, melanoma, leukemia, 
amyloidosis and Hodgkin's disease, produce livers of a size that reaches 
to the umbilicus (about 4,000 Gm. or over). .\ differential diagnosis 
between these conditions can usually be made. It is to be remembered 
that, in carcinoma, the spleen is seldom enlarged and very rarely is the 
site of the metastatic tumor. 

4. A characteristic feature of some cases of metastatic carcinoma of 
the liver is the rapidity of the enlargement, which is explained by the 
rupture of the tumor cells into the portal vein. 

5. Some cases of carcinoma of the liver present high septic tempera 
tures. 

6. In contrast to carcinoma, sarcoma does not produce enlargement 
if either liver or spleen. 

7. Melanoma resembles carcinoma in producing massive hepatic 


enlargements. 


* 


256 ARCHIVES OF INTERNAL MEDICINE 


8. Cirrhosis of the liver, contrary to the general beliet, produces no 
pronounced hepatomegaly. Most cirrhotic livers in our series weighed 
at autopsy under 2,500 Gm. A moderate enlargement of both liver and 
spleen is common. The enlarged spleen often erroneously suggests 
Banti’s disease. 

9. Gummas of the liver (hepar lobatum) are very rare and produce 
no marked enlargements. Both liver and spleen are moderately enlarged 
in about one third of the cases. 

10. Enlarged spleens are found in a great variety of conditions, but 
true splenomegalies occur principally in leukemias, Hodgkin’s disease 
amyloidosis, cirrhosis of the liver, subacute bacterial endocarditis and 
acute infections. One must consider also Gaucher’s disease, congenita! 
hemolytic jaundice, kala-azar and Banti’s disease, although there is a 
tendency to exaggerate the frequency of the last named. In subacute 
bacterial endocarditis, the incidence of enlarged spleens is from 75 to 85 
per cent, thus showing the great diagnostic importance of an enlarged 
spleen in this disease. The greatest cause of massive splenomegaly is 
leukemia. 

11. Neither the spleen nor the liver shows any great enlargement in 
pernicious anemia. 

12. Chronic amyloidosis should always be suspected when there is 
definite enlargement of the liver and the spleen in cases of chronic sup- 
purative processes, especially when albuminuria is present. 


13. A proper understanding of the principal causes of splenic and 
hepatic enlargement is of great assistance in establishing correct diag- 
noses in a variety of conditions producing enlargement of the liver and 


Abita 
spleen. 
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INFLUENCE ON CARBOHYDRATE METABOLISM 
EXPERIMENTALLY INDUCED HEPATIC 
CHANGES 


Ill. CHLOROFORM POISONING 


T. L. ALTHAUSEN, M.D. 
Fellow of the J. Simon Guggenheim Memorial Foundation, from the Department of 
Medicine, University of California Medical School 
SAN FRANCISCO 
AND 
THOENES, Dr.med 


LEIPZIG, GERMANY 


Chloroform, according to Mosiman and Whipple,’ affects mainly 
the nuclei of hepatic cells. As described by Whipple and Sperry,’ it 
produces hyaline necrosis which is of a strictly central distribution, 
widening out concentrically as the dose of the poison is increased 
Chloroform can also produce moderate fatty degeneration in other 
organs. Occasionally, severe necrosis of the kidney tubules may follow 
the administration of chloroform, even leading to delayed death of the 
animal. Williamson and Mann,° Opie and Alford,t and Mosiman and 
Whipple all came to the conclusion that the liver is the only organ that 


is seriously injured by the administration of chloroform. 


METHOD 

Chloroform was administered subcutaneously in single doses as a 33 per cent 
solution in oil to fourteen rabbits. Rabbit 739 was given 0.5 cc. of chloroform per 
kilogram of body weight and rabbit 717, 0.75 cc.; the rest received 1 cc. per 
kilogram of body weight. The first rabbit was killed on the fifth day. The second 
animal survived. Of the other twelve rabbits, seven died from forty-eight to 
sixty hours later, and one died on the seventeenth day after poisoning. The 
remaining animals recovered. Blood sugar curves for these rabbits were obtained, 


From the Medizinische Universitatsklinik, Leipzig, Prof. Dr. Morawitz, 
Director. 

1. Mosiman, R. E., and Whipple, G. H.: Chloroform Poisoning, Bull. Johns 
Hopkins Hosp. 28:323 (Nov.) 1912. 

2. Whipple, G. H., and Sperry, J. A.: Chloroform Poisoning, Bull. Johns 
Hopkins Hosp. 20:278, 1909. 

3. Williamson, C. S., and Mann, F. C.: The Hepatic Factor in Chloroform 
nd Phosphorus Poisoning, Am. J. Physiol. 65:267, 1923 

4. Opie, E. L., and Alford, L. B.: Diet and the Hepatic Lesions of Chloro- 
form, Phosphorus or Alcohol, J. Exper. Med. 24:1, 1915 
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beginning twelve hours after the injection of chloroform and continuing at intervals 
until the reestablishment of a normal sugar tolerance and a normal response to 
epinephrine. Data on these experiments are given in detail in table 1 In 
addition, average figures for the most important stages are shown in table 2 


RESULTS 


Acute Stage.—Four rabbits were tested twelve hours after receiving 
chloroform. The blood sugar at the beginning of the experiment was 
markedly reduced in all animals. The peak of the curve was at the 
one hour period in one rabbit and at the two hour period in two rabbits 
In all of the animals the three hour blood sugar was much higher than 
normal and also higher than the initial blood sugar. Finally, the average 
blood sugar during the three hours was about the same as that taken 
before poisoning, but the increase over the initial blood sugar was 
much greater. 

The response to the administration of epinephrine was markedly 
lessened in two rabbits (801 and 804), as testified by a diminished 
increase of the average blood sugar. In the remaining two animals 
(824 and 832) a distinct hypoglycemia was observed following the 
administration of epinephrine. 

All of the described abnormalities of sugar metabolism were most 
pronounced in the rabbit (824) that died two days after poisoning. 

Two different rabbits examined twenty-four hours after poisoning 
exhibited to an even greater extent all the effects of chlorotorm described 
tor the twelve hour period. In addition the average blood sugar after 
the administration of dextrose, water and insulin was also absolutely 
higher than that in the same animals when normal. Our findings were 
again most marked in a fatal case (835). 

The characteristic curves of acute chloroform poisoning were 
observed in three rabbits also thirty-six hours after the injection of 
chloroform. The quantitatively most marked abnormalities occurred 
again in the rabbit that died during the following night. 


The Stage of Recovery. 
chloroform, the sugar tolerance and the epinephrine response were still 
decreased. However, as the first sign of recovery, the initial blood 
sugar was even higher than normal. On the following two days marked 
fluctuations of the initial blood sugar were observed. The limits of these 
fluctuations in the same recovering rabbit (the variation was as great 
as 94 mg.) were in excess not only of those found in successive tolerance 
curves of any one normal animal (up to 28 mg.), but of the extremes 
of all normal animals tested (up to 72 mg.). 


Forty-eight hours after the injection of 


5. For description of methods see our first paper: Influence on Carbohydrate 
Metabolism of Experimentally Induced Hepatic Changes: I. Fasting and Admin- 
istration of Thyroxine, Arch. Int. Med. 50:46 (July) 1932 
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The peak of the blood sugar curve, the average blood sugar for the 
three hours and the three hour level also fluctuated considerably after 
the first two days, but the general tendency was toward normal. After 
a curve showing normal height and contour was reached, the recovering 
animals (five) went through a stage in which hypoglycemic curves were 
observed following the administration of dextrose, water and insulin. 
In the rabbit (739) that received the smallest dose of chloroform such 
a hypoglycemic curve was obtained on the fourth day after poisoning 
In the other animals it appeared after between ten and eighteen days. 
An infection of the upper respiratory tract developed in the sixth 
surviving rabbit (821), and retarded the return of the animal's sugar 
tolerance to normal until the twentieth day after poisoning, when the 
investigation was terminated. Of the five rabbits which had shown 
hypoglycemia during the tolerance test one (739) was killed during this 
stage; another (804) died sixteen days after the poisoning, and the 
remaining three later again showed their normal sugar tolerance. 

The blood sugar curve after the administration of epinephrine in 
recovering animals was also subject to wide variations, but normal 
figures were usually obtained about the fourth day after poisoning. 
No consistent changes in the blood sugar following injections of epi- 
nephrine were seen coincident with the hypoglycemic tolerance curves. 
The typical stages of chloroform poisoning are exemplified in the blood 
sugar curves shown in the accompanying chart. 

The glycogen content of the liver in one rabbit examined at the 
time of this peculiar hypoglycemia was 1.2 per cent, whereas that of 
another animal after the administration of dextrose, water and insulin 
was 1.07 per cent. 

ADDITIONAL EXPERIMENTS 

1. Dextrose Tolerance in Chloroform Poisoning.—In order to 
investigate the possibility that some changes observed in the metabolism 
of carbohydrates under the conditions of the modified dextrose tolerance 
test might be due to damage of the pancreas, the same test was per- 
tormed, with the omission of the insulin, in three rabbits at different 
stages of chloroform poisoning. As will be remembered, in three 
experiments on two normal rabbits ° the increase of the average blood 
sugar over the initial level was approximately doubled when, instead of 
the standard conditions, dextrose only was given. 

When dextrose alone was administered in the usual way to rabbit 821 
four days after the poisoning, the increase in the average blood sugar 
during the three hours was approximately 50 per cent greater than the 
one observed twenty-four hours after the injection of chloroform, and 
a little more than double that seen eight days after this event following 


6. Descriptions of these experiments are given in the first article (footnote 5). 
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the tolerance tests with insulin. The same relative increase in the 
average blood sugar was seen in the second animal (804) after the 
test without insulin eight davs following the administration of chloro- 
form as compared to the modified tolerance test performed six and 
eleven days, respectively, after poisoning. 

A test of dextrose tolerance without insulin was made on the twenty- 
fourth day on rabbit 801 during the stage when hypoglycemic curves 
after the administration of dextrose, water and insulin were observed 
showed that the average blood sugar decreased three times as much as 
in the usual experiment with insulin performed on the nineteenth day 
after chloroform had been given. Another experiment with insulin 
made during the same stage on the twenty-eighth day resulted in the 


| 
/ 

_? 
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80 
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Typical blood sugar curves after the modified dextrose tolerance test and after 
the administration of epinephrine in a rabbit (801) at two stages of chloroform 
poisoning. The solid line represents a curve obtained in the normal state. The 
irregularly broken line shows the curve thirty-six hours after poisoning. The 
regularly broken line traces the curve twenty-seven days after administration of 
chloroform. 


same degree of hypoglycemia as the one without insulin on the twenty- 
fourth day. 

2. Repeated Poisoning With Chloroform.—Three rabbits that sur- 
vived the first episode of poisoning were given reinjections with the 
same dose of chloroform after exhibiting normal curves in our two 
tests, twenty-one, twenty-eight and thirty-two days, respectively, follow- 
ing the first dose. Two of these animals (717 and 825) died two 
days after the second injection of chloroform. The third rabbit (801) 
survived and went through the previously described cycle of changes 
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relative to sugar tolerance and response to epinephrine, except tha 
the hypoglycemic stage of recovery appeared after ten instead of thirtee 
days. The animal was then killed for analysis of the liver. 


PATHOLOGIC CHANGES 


One rabbit that died two days after the first injection of chloro 
form and one that succumbed in the same length of time after 4 
second injection were examined histologically. In the first (824) al! 
hepatic cells except two or three rows around the portal spaces wer 
necrotic and filled with fat. There was less fat near the portal spaces 
and in the centers of the necrotic areas. In the second case (717 
necrosis involved about three fifths of each hepatic lobule around 
the central vein. The necrotic cells were full of fat droplets, and 
there were many wandering cells present. 

The livers of three animals that had shown hypoglycemia after the 
modified dextrose tolerance test were studied histologically. The liver 
of the rabbit (739) that received the smallest dose of chloroform and 
was killed four and a half days afterward showed almost complet: 
repair of what had evidently been a moderate injury, with occasional 
fat droplets. 

The animal (804) that died sixteen days after poisoning had a 
liver that was practically completely restored to normal. Death in this 
case had nothing to do with the action of chloroform on the liver, but 
was probably caused, as in one of the rabbits in the series of Opie and 
Alford,* by chloroform necrosis of the kidney tubules. 

Finally the rabbit (801) that was killed eleven days after the second 


dose of chloroform had a liver presenting a normal microscopic picture 
with a little fat still scattered in spots. 


COMMENT 

In appraising the effects of a single large dose of chloroform to 
which about one half of the rabbits succumbed within from forty-eight 
to sixty hours with advanced central necrosis of the liver, one is struck 
by the similarity of the functional deficiencies to those produced by 
phosphorus poisoning, and this notwithstanding the anatomically ditfer- 
ent localization of lesions produced by these two poisons. 

To begin with, the initial blood sugar during the acute stage was 
markedly lowered in all rabbits. Twelve hours following the administra- 
tion of chloroform, tolerance to dextrose, as judged by the curve dur- 
ing the first three hours after the test, was greatly diminished. This 
was indicated by retardation of the peak and prolongation of the period 
of hyperglycemia. Absolutely, the average blood sugar was about the 
same as in the normal rabbits, but the relative increase over the initia! 
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‘evel was much greater. At the twenty-four hour and thirty-six hour 
periods the same abnormalities of the curve were even more pronounced, 
and in addition the average blood sugar was also absolutely higher than 
it was previous to the poisoning. 

The hyperglycemia due to epinephrine during the acute stage was 
greatly reduced in half of the animals and replaced by hypoglycemia 
in the other half. 

Forty-eight hours after the administration of chloroform, as the 
first sign of recovery the initial blood sugar had risen. At later stages 
considerable fluctuations of the blood sugar level before the tolerance 
test. were observed. Following the first two days the tolerance to 
dextrose of the rabbits also showed considerable variation, but the 
trend was toward normal. After normal tolerance was regained, as 
indicated by the shape of the curve and the average blood sugar, the 
recovering animals went through a stage of increased sugar utilization. 
Following this stage, the rabbits again exhibited their normal tolerance 

The response to epinephrine during recovery also varied within wide 
limits, but the normal degree of hyperglycemia was again found begin- 
ning about the fifth day after poisoning. 

The glycogen contents of the livers of one rabbit investigated before 
and of one investigated after the modified dextrose tolerance test were 
found to be about equally low. 

Practically everything discussed in connection with the significance 
of the changes produced by the administration of phosphorus applies to 
similar effects of chloroform poisoning. In addition, two features seen 


only after the administration of chloroform deserve special attention, 
The first is the protracted character of the hyperglycemia resulting in an 
unusually high blood sugar at the three hour period. This peculiarity 


raised anew the question of a possible injury to the pancreas. 

In order to arrive at a decision on this point our usual tolerance 
test with omission of insulin was performed on three rabbits in different 
stages of chloroform poisoning. The expectation was that without 
exogenous insulin any ¢ siderable pancreatic damage would result in 
a greater increase of blood sugar, compared with the test that included 
insulin, than is the case under similar conditions in normal animals 
Actually, in the experiments without insulin performed four and eight 
days after poisoning, the increase of the average blood sugar over the 
initial value was about 50 per cent greater than the preceding and a 
little over double that of the following tests with insulin \fter allow- 
ing for some recovery of the animals during the intervals between tests, 
we found that the relative increase of the blood sugar was not in excess 
of that occurring in normal animals. The third tolerance test without 
insulin performed on the twenty-fourth day during the stage of 


z . 
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increased utilization of sugar showed a much lower curve than thi 
preceding test with insulin which was done before this stage. Thx 
curve observed during the same stage after a test with insulin was 
identical with the one obtained without insulin. After these experi- 
ments, the participation of the pancreas in the reduction of the toler 
ance to sugar produced by chloroform, appears to be ruled out. 

The second feature of chloroform poisoning requiring an expla- 
nation is the hypoglycemic curve following the test of dextrose tolerance 
(with or without insulin) which occurs at a certain stage of recovery 
as shown in the chart. These curves are doubtless an expression of 
increased utilization of sugar. The arguments in favor of this interpre- 
tation are numerous: in the first place, the fact that hypoglycemia begins 
within thirty minutes of the administration of dextrose, water and 
insulin; second, the appearance of hypoglycemic curves after sugar 
tolerance had once returned to normal; third, the fact that after a small 
dose of chloroform the characteristic low blood sugar was observed 
earlier, and, finally, the practically complete repair of the liver seen 
on microscopic examination at this stage, whether it occurred early after 
a light poisoning or late after a severe one. Observations of the same 
order, which were interpreted as indicating a period of hyperactivity of 
the newly formed hepatic cells, were reported by Whipple, Peightal 
and Clark? on an increased phenoltetrachlorphthalein output of the 
liver following repair after poisoning, and by Whipple and Hurwitz * 
in regard to fibrinogen. 

It is certain that hyperactivity on the part of the regenerated hepatic 
parenchyma plays an important role in the increased utilization of 
sugar by the recovering rabbits. On the other hand, additional factors 
such as increased activity of the pancreas and of the tissues may also 
be at work. It seems probable that the compensatory function that the 
muscles and the pancreas exercise during the period of hepatic insuffi- 
ciency may materially contribute to the observed hypoglycemia if this 
compensatory mechanism once established does not recede with the 
same rapidity as regeneration of the liver progresses. It is of interest 
that the glycogen content of the liver at this stage of recovery is still 
very low. 

Three rabbits were given reinjections of the same dose of chloroform 
after recovery. Two of these animals (717 and 825) were dead forty- 
eight hours later. The third animal (801) lived and went through the 


7. Whipple, G. H.; Peightal, T. C., and Clark, A. H.: Tests for Hepatic 
Function and Disease Under Experimental Conditions; Phenoltetrachlorphthalein, 
Bull. Johns Hopkins Hosp. 24:343 (Nov.) 1913. 

8. Whipple, G. H., and Hurwitz, S. H.: Fibrinogen of the Blood as Influenced 
by the Liver Necrosis of Chloroform Poisoning, J. Exper. Med. 13:136, 1911. 
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stage of increased utilization of sugar earlier than the first time. While 
the number of experiments is too small for any conclusions, it may be 
pointed out that the results are in agreement with the opinion of Wells ® 
that a previous injury to the liver predisposes to subsequent chloroform 
injuries. We have already had occasion to mention the finding by Davis 
and Whipple ?° of increased tolerance to chloroform in dogs immedi- 
ately after recovery from the first dose. It is probable that in regard 
to the question of susceptibility of the liver to repeated doses of hepatic 
poisons the time that has elapsed since the administration of the pre- 
ceding dose is an important factor. Our third case seems to indicate that 
when the action of the second dose of chloroform is not lethal, regenera- 
tion of the hepatic parenchyma takes place more promptly. 

The Modified Dextrose Tolerance Test in Man in the Light of 
Experimental Findings.—One of the main difficulties in reproducing in 
animals by a more or less acute toxic injury pathologic functional states 
found in certain diseases of the liver in man lies in the condensed nature 
of the obtained experimental findings. Functional stages that in patients 
last for weeks, months or years are limited in such animals to days or 
even hours and may easily be overlooked. Such an example is furnished 
by the difficulties of interpreting the blood sugar curves of rabbits that 
received a single large dose of phosphorus. When the results of the 
more chronic experiments are used as a key, the significance of these 
curves becomes apparent. If the attempt to reproduce in rabbits 
abnormalities in the regulation of sugar metabolism observed in human 
patients with hepatic disease has been at all successful, it is due to the 
fact that one of the cardinal functions of the liver is involved. 

The majority of abnormal blood sugar curves following the modified 
dextrose tolerance test obtained on patients suffering from diseases of 
the liver show an initial hyperglycemia which often exceeds that of 
normal persons, and which before the end of the test drops to a marked 
hypoglycemia. The same features, namely curves showing reduced 


tolerance, to dextrose followed by a fall in blood sugar, were most clearly 


observed in rabbits subjected to chronic phosphorus poisoning. In 


animals that had received large single doses of phosphorus and chloro- 
form the same abnormalities could be identified, but because of the 
rapid succession of various stages of acute hepatic insufficiency their 
presence was not so striking. 

9. Wells, H. G.: Chloroform Necrosis of the Liver, Arch. Int. Med. 1:589 
(July) 1908. 

10. Davis, N. C., and Whipple, G. H.: The Influence of Fasting and Various 
Diets on the Liver Injury Effected by Chloroform Anesthesia, Arch. Int. Med. 
23:612 (May) 1919. 


S 


268 ARCHIVES OF INTERNAL MEDICINE 


The second type of abnormal curve seen in human cases which 
characterized by a continuous fall of the blood sugar level finds its 
counterpart in the hypoglycemic curves obtained during the period o1 
recovery from the effects of chloroform. Since curves of this kind were 
found largely in subacute yellow atrophy of the liver, alcoholism with 


suspected beginning cirrhosis '' and late stages of catarrhal icterus, it 


seems logical to attribute to them the same significance, namely, 
temporary hyperactivity associated with regeneration of the hepatic 
parenchyma. 

Occasionally, hypoglycemic blood sugar curves of the second ty]x 
were encountered in advanced cases ef cirrhosis with ascites, etc. In 
such patients the early hypoglycemia could hardly be taken for a sign 
of active regeneration of the liver, but probably is comparable to the 
very low blood sugar curves seen in two of our rabbits (803 and &33) 
a few hours before death. 

SUM MARY 

Rabbits receiving one large dose of chloroform were subjected at 
intervals to a modification of the dextrose tolerance test followed by 
an injection of epinephrine. Blood sugar curves following these pro- 
cedures and determinations of the hepatic glycogen before and after 
the modified dextrose tolerance test were made. 

In the acute stage of chloroform poisoning the blood sugar level 
was reduced in all animals. At the same time there was diminution of 
the tolerance to sugar, explained at least in part by lack of deposition 
of glycogen in the liver following the administration of dextrose, water 
and insulin. Hyperglycemia due to epinephrine was greatly reduced in 
some animals and replaced by hypoglycemia in others. 

During the stage of recovery, the blood sugar level, the sugar 
tolerance and the response to epinephrine returned to normal. In addi- 
tion, these rabbits went through a period of increased utilization of 
dextrose. 

It was established that pancreatic lesions played no important part 
in the observed abnormalities of carbohydrate metabolism. 

An attempt was made to correlate the different blood sugar curves 
after the modified dextrose tolerance test in man with those of animals 
in various stages of hepatic insufficiency due to phosphorus and chloro 
form poisoning. 

11. These patients were subjected to the test some time after the withdrawal 
of alcohol. 
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OF LOBAR PNEUMONIA WITH CARBON 
DIOXIDE AND OXYGEN 


REPORT OF TWENTY-SEVEN CASES 


FLETCHER HANSON, M.D. 
AND 
ABNER W. CALHOUN, M.D. 


ATLANTA, GA 


Pneumonia has challenged man’s therapeutic skill for centuries. 
Hippocrates and other members of the Greek school recognized the dis- 
ease with its high mortality. Though progress has been made in the 
knowledge of the clinical features, morbid anatomy and_ bacteriology 
of the disease, the death rate remains essentially unchanged, and pneu- 
monia is still one of the most widespread and fatal of all acute diseases. 

Various forms of therapy have been heralded, each with claims of 
reduction in mortality. Chemotherapy, with the use of ethylhydro- 
cupreine and of mercurochrome-220 soluble, has been tried. Vaccines 
have been used extensively. The greatest therapeutic triumph in pneu- 
monia has been the development of specific immunizing serum. The 
work of Cole and Moore’ in developing a specific serum for pneumo- 
cocci of type I and that of Felton * in producing a concentrated serum 
for pneumococci of types | and II have added to the progress of medi- 


cine. One of the most recent forms of therapy suggested for pneumonia 


is the inhalation of carbon dioxide and oxygen. In this paper a brief 
review is made of the rationale of its use, and a report is given of 
twenty-seven patients treated by this method. 

Carbon dioxide may be used to stimulate the respiratory center, as 
was demonstrated by Henderson and Haggard* in 1920. These 
authors used carbon dioxide to eliminate carbon monoxide from the 
blood of dogs after dangerous degrees of asphyxiation. A year later, 
in reporting their work on carbon monoxide asphyxia to the American 


Read before The Southern Interurban Clinical Club, March 19, 1932. 

From the Department of Medicine, Emory University Medical School, and 
the Emory Division of Grady Hospital. 

1. Cole, Rufus, and .Moore, H. F.: The Production of Antipneumococcic 
Serum, J. Exper. Med. 26:537, 1917. 

2. Felton, L. D.: A Study of the Isolation and Concentration of the Specific 
\ntibodies of Antipneumococcus Sera, Boston M. & S. J. 190:819, 1924 

3. Henderson, Yandell, and Haggard, H. W.: The Elimination of Carbon 
Monoxide from the Blood After a Dangerous Degree of Asphyxiation, and a 
rherapy for Accelerating the Elimination, J. Pharmacol. & Exper. Therap. 16: 
11, 1920. 
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Gas Association, Henderson and Haggard * stated that in a group of 
forty-three patients who survived gassing, the records of Bellevue Hos 
pital show that in fourteen subsequent pneumonia developed and ten 
died. In not a single patient treated by the inhalation of carbon dioxide 
and oxygen did post-asphyxial pneumonia develop. They observed no 
harmful accessory features from the inhalation of carbon dioxide. 

In 1929, Coryllos and Birnbaum,’ on the basis of experiments on 
dogs, considered lobar pneumonia to be a pneumococcic lobar atelectasis. 
Through bronchoscopic investigations on dogs they observed that 
infection of the walls of the air tubes produces an excessive and sticky 
secretion which tends to shut off the portion of the lung to which it 
leads. As the air in the involved part becomes absorbed, atelectasis 
develops, secretions accumulate back of the occlusion and consolidation 
follows. 

In 1929, Henderson and Haggard ® advocated hyperventilation of 
the lungs as a prophylactic measure against pneumonia. They stated: 

Hyperventilation of the lungs by deep breathing under inhalation of carbon 
dioxide in proper dilution has proved effective in the prevention of postoperative 
pneumonia. It is effective also in the prevention of the pneumonia that may follow 
carbon monoxide asphyxia in untreated cases. 

In 1930, Lincoln Brown? made bronchoscopic observations on 
patients with postoperative atelectasis while they inhaled carbon 
dioxide. He stated: 

Carbon dioxide inhalations when observed through the bronchoscope were seen 
to: (a) increase the rate and depth of respiration; (>) produce violent move- 
ments in the tracheobronchial tree and alterations in the shape of the lumens of its 
branches, thereby tending to free adherent mucus; (c) induce a distinct blanching 
of the mucous membranes of the trachea and bronchi. 


The first paper on the use of carbon dioxide and oxygen in the 


treatment of pneumonia was published by Henderson, Haggard 
Coryllos, Birnbaum and Radloff, in January, 1930. Their work was 

4. Henderson, Yandell, and Haggard, H. W.: The Treatment of Carbon 
Monoxide Asphyxia by Means of Oxygen and Carbon Dioxide Inhalation, Report 
I, Commission on Resuscitation from Carbon Monoxide Asphyxia to the Americar 
Gas Association, J. A. M. A. 79:1137 (Sept. 30) 1922. 

5. Coryllos, P. N., and Birnbaum, G. K.: Lobar Pneumonia Considered < 
Pneumococcie Lobar Atelectasis of the Lung: Bronchoscopic Investigation, Arch 
Surg. 18:190 (Jan.) 1929. 

6. Henderson, Yandell, and Haggard, H. W.: MHyperventilation of 
Lungs as a Prophylactic Measure for Pneumonia, J. A. M. A. 92:434 (Feb. 9) 
1929. 

7. Brown, A. L.: Bronchoscopic Observations in Postoperative Atelectasis 
Action of Carbon Dioxide, J. A. M. A. 95:100 (July 12) 1930. 

8. Henderson, Yandell; Haggard, H. W.; Coryllos, P. N.; Birnbaum, G. L.. 
and Radloff, E. M.: The Treatment of Pneumonia by Inhalation of Carbon 
Dioxide: I. The Relief of Atelectasis, Arch. Int. Med. 45:72 (Jan.) 1930 
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confined to experiments on dogs. These observers produced expert- 
mentally an obstructive atelectasis in dogs and relieved the condition 
promptly by short periods of inhalation of carbon dioxide and oxygen. 
they placed their dogs in closed chambers containing approximately 
7 per cent carbon dioxide and 93 per cent oxygen. The dogs inhaled 
this gaseous mixture for periods varying from thirty minutes to one 
hour. As a result of the experiments, these observers considered 
pneumonia to be an atelectatic condition and could produce it by insut- 
flation of virulent cultures of pneumococci directly into the bronchi 
} 


of dogs. They called this condition a pneumococcus atelectasis ani 
considered it to be identical with clinical pneumonias. These dogs 
were likewise placed in closed chambers containing approximately 7 


ner cent carbon dioxide and 93 per cent oxygen. ‘They remained tor 


periods of from thirty minutes to twenty-four hours. The pneum mia 


seemed to clear in some of the dogs. 


CLINICAL INVESTIGATIONS 


In November, 1930, we began investigations of the treatment of 
patients with lobar pneumonia with inhalations of carbon dioxide and 
oxygen. 

Administration of Gas—The real problem was to select apparatus suitable to 
administer the gas to human patients. A Miller inhaler anesthetic mask and 
rebreathing bag were selected. The mask is constructed with two sets of valves 
which can be adjusted so that the patient inhales gas from the rebreathing bag 
and exhales it into the atmosphere. The gas thus flows in one direction and its 
concentration in the bag remains constant throughout the inhalation. 

The gas was purchased previously mixed and analyzed so that each cylinder 
contained a mixture of 5 per cent carbon dioxide and 95 per cent oxygen. The 
problem of dosage then arose; that is, how long to administer the gas and how 
often to repeat it. We tried to secure this information by observing the effects 
on four normal persons, who inhaled the gas for periods of ten minutes. Each 
subject had the same experience of feeling slightly faint at the end of the period 
but recovered quickly, with no ill after-effects. Kymographic tracings taken 
during the inhalations revealed that respiration was increased from two to three 
times in depth and slightly in rate. The determinations of the pulse rate and 
blood pressure varied but slightly. 

With this information, it was decided that patients with pneumonia could 
probably inhale the gas for a period of ten minutes, and that it could probably 
be given twice a day. The hours of administration were set arbitrarily at 8 a. m 
and 8p. m. Fourteen patients were treated on this schedule. The dosage was then 
increased. The remaining thirteen patients received gas for a period of ten 
minutes at 8 a. m. and 8 p. m., and for two additional periods of five minutes each 
at 12 noon and 4 p. m. 


Selection of Paticnts—The criterion for selecting patients was that they should 


in an early stage of lobar pneumonia, which could be verified by the history, 


he 
ph 


1ysical examination or roentgenologic examination. Patients were selected from 


the medical wards and were rejected if the illness exceeded three days. Otherwise, 
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no discrimination was made on a basis of probability of recovery. Only patients 


in the early stages of the disease were chosen, because by daily roentgenologi 


examination the spread of the pneumonic process in the involved lung could be 


determined. It is obvious that in late cases with complete consolidation this fact 
could not be determined. 

Routine of Procedure—Patients admitted with early symptoms of lobar pneu 
monia were questioned carefully about the duration and nature of their illness 
They were then examined to localize the pneumonia. The findings were checked 
i by roentgenologic examination. If evidence of an early pneumonia could be deter 
mined, the patient was added to the series for treatment. The inhalations wer 
supplemented by the usual nursing on the wards, an increase of the intake of fluid 
with dextrose, the use of codeine if needed for restlessness and an attempt to 
control distention by a daily saline enema. The sputum was typed, and blood cul- 


tures were taken. The physiologic effects of the gas on the pulse rate, respiratory 
rate and blood pressure were recorded before. during and after each inhalation 
i An occasional estimation of the number of white blood cells was made before, 
during and after inhalations. Determinations of the vital capacity were made o1 


| the last thirteen patients before and after each inhalation. Finally, the sensations 
of the patient, such as headache, dizziness, fatigue and pleural pain, were recorded 
with each inhalation of gas. 

Except when very ill, the patients were carried to the x-ray room daily for 
examination. 


REPORT OF SERIES 


Our series consisted of twenty-seven patients. .\ summary of the 
case reports is given in the accompanying table. 

There were twenty-two male and five female patients. The age 
limits varied between 14 and 46 years. The average duration of ill- 
ness before admission to the hospital was two days. 

The site of the pneumonia in the involved lung was as follows: 
right upper lobe, seven cases; right middle lobe, seven cases; right 
lower lobe, ten cases; left upper lobe, six cases: left lower lobe, ten 
cases. There was one case of pneumonia of the right hilus. The pneu- 
monia spread to one or more lobes in nine patients of the series. 

The gas was given on an average of five and one-half days. The 
shortest period of administration was three and one-half days, the 
longest ten and one-half days. 

The disease ended by crisis in twenty-four patients, and by lysis 
in three. 

Sputum was typed in each case, with the following results: type I. 
one case; type II, two cases; type III, four cases; type IV, eleven 
cases; mixed, two cases ; undetermined, seven cases. 

There were fifteen positive blood cultures. The pneumococcus was 
recovered in seven cases, the streptococcus in two cases, the staphylo- 
coccus in three cases and the diphtheroid bacillus in three cases. 

Determinations of the vital capacity served as a valuable guide as 
to the degree of consolidation and as an index of spread to other lobes 


j 
| 
} 
q 
; 
q 
3 


vuoN 
ouoN 
od 


tsisdos 


vuoN 


4OOL 

yoo. 
SBA YOOT, 
sua iL 


SBA 

sua yoo, 
WALLS 
SBA 


SBI YOOL 


[JOM SBA 


ysoyo UL 

YOO TL, 

[Jum sBa YOOT, 
Ul 

ured 

SBA HOOT, 
Ul 

ured 


I 
ory did 
OALPRAGN 


AGN 


snov000 
AON 


snov000} 


pooid 


dJomol pure 
ary 

Jomol 


au 
ou N 
aoddn 


doddn 
auoN 


ouoN 


ouoN 


soqo'T 


sista) 
07 prods 


Woody yo An 
od AL 


esp.) fo 


Jomol 


goddn 
jgoddn 
sng 
Jomo] pus 
doddn 
DUSTY 
soddn 
Joddn 


zoddn 
JOMOL 


JOMOL 


soqo'| 


% 
q 
= 
4 = 
= 
3 
ese 
4 ZAZA 
artes 
@c 
Seas *u 
= 
on oc = “ors tor 
= 
444 = 
sos oe esa ees 
j 
4 
4 
3 
24 
t 


274 


ARCHIVES OF INTERNAL MEDICINE 


There was no constant response of the white blood cells before, 
during or after inhalations. The number was increased at times, 
while at other times it was decreased during inhalations. 

The most common sensation experienced while the patients wer 
inhaling the gas was headache. Seven patients complained of moderate 
to severe headache. Pleural pain was experienced by nearly all of the 
patients at the beginning of each inhalation but was not severe enough 
to be a contraindication for its use. Four patients complained of severe 
pleural pain. The majority of patients experienced some fatigue during 
inhalations, and when this was severe the periods of administration 
were shortened, much to the comfort of the patient. One patient had 
severe cough as a result of inhaling the gas. Administration was 
stopped because in this patient subsequent empyema developed. Sixteen 
patients took the gas well and experienced considerable reliet from 
symptoms through its use. 
COMMENT 
The results of our series are interesting, though not dramatic. The 
series is small. We were unable to run a control series of early cases, 
owing to an inability to get patients in the early stages of the disease. 
From Nov. 15, 1930, to April 21, 1931, 114 patients ill with lobar 
pneumonia were admitted to the medical wards. Of these, twenty- 
seven were selected as suitable for treatment with carbon dioxide and 
oxygen. In this group there were two deaths, constituting a mortality 
of 7.4 per cent. The remaining eighty-seven patients were in various 
stages of pneumonia. Some of the patients were in the early stage of 
the disease, while others were in the advanced stage. The latter group 
was heterogenic so far as treatment was concerned. There were six 
patients who died within twenty-four hours and nineteen patients who 
received vaccine therapy without our supervision. Deducting these 
twenty-five, there remain sixty-two patients who received supportive 
treatment only. In this group there were twenty-two deaths. The 
mortality rate for this group was 35.9 per cent. A comparison of the 
death rates in the two groups is not justified as the effects of carbon 
dioxide and oxygen were not tried on patients in the moderately 
advanced or advanced stages of the disease. 

Our investigations indicate that with the dosage and apparatus 
used, early pneumonia could not be aborted. The earliest evidence of 
pneumonia in some x-ray pictures was an interlobar pleurisy. Even 
with inhalations, from partial to complete consolidation occurred. 
Other films showed a mottling that proceeded to various stages of con- 
solidation. There was no marked difference in the films of either half 
of the series, although in the last thirteen cases in which the gas was 
administered four times daily, there was apparently less tendency for 
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consolidation to occur. In several of these patients the pneumonia 
seemed to be held essentially in its original stage. 

The tendency to spread to other lobes occurred about equally in 
both groups of the series. There were four instances of spread in the 
first half of the series and five instances of spread in the latter half. 

Empyema occurred twice in patients receiving two inhalations daily 
and once in patients receiving four inhalations daily. 

There was one death in each group. The first death occurred in 
case 2, in which pneumonia was complicated by puerperal sepsis and 
streptococcus septicemia. The second death occurred in case 26, in 
which pneumonia was complicated by a terminal pericarditis. 

In the series as a whole, there were no appreciable effects on the 
pulse rate and blood pressure taken before, during and after each inhala 
tion. Shight increases or decreases occurred in each at times, but they 
were of minor variation. Respiration was usually doubled or trebled 
in depth and increased slightly in rate. 

Hypertension was not a contraindication for the use of the gas, 
as was seen in case 14, in which the blood pressure was 165 systolic 
and 120 diastolic. Carbon dioxide and oxygen caused only minor 
variations in this patient’s blood pressure, and he made an uneventful 
recovery. 

The effect on cyanosis was difficult to determine as all the patients 
were Negroes. 

The patients invariably stated that they could breathe deeper and 
more easily immediately after each inhalation. Pleural pain was no 
contraindication. The pain was usually increased at the beginning of 
each inhalation, but subsided, as a rule, during administration of the 
gas. In some patients, the pain was relieved for from one to three hours 
after administration. In others, the gas had a sedative effect and the 
patients wanted to sleep. In none of the patients were chest swathes 
used, the thorax being left free to expand fully with each inspiration 


SUMMARY 

1. Twenty-seven patients suffering with early lobar pneumonia 
were treated with inhalations of 5 per cent carbon dioxide and 95 per 
cent oxygen. There were two deaths. 

2. So far as we could determine, inhalation of carbon dioxide and 
oxygen in this concentration is accompanied by no harmful effects 

3. The dosage and method of administration should be investigated 
further before inhalation of these gases is advocated for practical use 
in the treatment of pneumonia. 


478 Peachtree Street, N. E. 
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QUININE DERIVATIVES SPECIFIC IMMUNE 
SERUM IN THE TREATMENT OF PNEU- 
MOCOCCUS INFECTION 
HOBART A. REIMANN, M.D. 

AND 


JOHANNES K. MOEN, 


MINNEAPOLIS 


From the replies returned by twenty-five prominent German clini- 


clans In response to questionnaires,’ it is evident that specific treatment 


of lobar pneumonia with immune serum has not as yet been generally 
accepted. Even in this country, an inquiry revealed that many physi- 
cians still rely on quinine derivatives and do not employ specific immune 
serum in treating lobar pneumonia. In view of the reports of Cole,’ 
Cecil and Sutliff,* Park, Bullowa and Rosenbluth * and others, showing 
the beneficial effects of type I serum in treating type I infections in 
a large number of patients, it seems unfortunate that quinine is still 
being used to the exclusion of specific serotherapy. 

Quinine was introduced in the treatment of pneumonia about fifty 
years ago, chiefly by Jtrgenson and Aufrecht. A new compound, 
ethylhydrocupreine, was popularized by Morgenroth and his associates 
in 1911. Ethylhydrocupreine is more pneumococcicidal than quinine in 
vitro even in the presence of serum, which ordinarily protects pneumo- 
cocci against bactericides. The studies of Moore® and of Baldwin and 
Rhoades ° corroborate the reports of the effectiveness of ethylhydrocu- 
preine in vitro, and their statements are used by commercial interests to 
promote the use of the drug in pneumonia. Clinical reports concerning 
the beneficial effects of optochin or quinine in the treatment of pneumo- 


From the Department of Medicine, University of Minnesota. 
1. Med. Klin. 25:1771 and 1811, 1929; Deutsche med. Wehnschr. 56:566, 1930. 
2. Cole, Rufus: Serum Treatment in Type I Lobar Pneumonia, J. A. M. A 
93:741 (Sept. 7) 1929. 

3. Cecil, R. L.. and Sutliff, W. D.: The Treatment of Lobar Pneumonia with 
Concentrated Antipneumococcus Serum, J. A. M. A. 91:2035 (Dec. 29) 1928. 

4. Park, W. H.; Bullowa, J. G. M., and Rosenbluth, M. B.: The Treatment 
of Lobar Pneumonia with Refined Specific Antibacteriaf Serum. J. A. M. A. 
91:1503 (Nov. 17) 1928. 

5. Moore, H. F.: J. Exper. Med. 22:551, 1915. 

Baldwin, H. S., and Rhoades, D. R.: Hygienic Laboratory Bul 
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nia are, for the most part, unconvincing. Baldwin‘ has since devoted 
his attention to specific serotherapy of the disease. Cross,” in a recent 
publication favoring the use of ethylhydrocupreine, stated that his 


impressions in regard to the efficacy of the drug were based chietly on 


clinical and bedside impressions. Such criteria are, as a rule, too 
unreliable for use as scientific data. Convincing evidence can be obtained 
only from careful studies showing a shortening of the duration of the 
disease, a diminution or elimination of bacteremia and a reduction of the 
mortality, such as have been demonstrated in the use of specific serum. 
Furthermore, it is impossible to evaluate the results of most studies 
of patients treated with quinine derivatives since in practically none 
have attempts been made to classify pneumonia on an etiologic basis 
in regard to type of pneumococcus. 

If one considers the replies of the German physicians who have 
used serotherapy and found it valueless, it 1s evident that none of them 
have given univalent serum in large doses, intravenously, according to 
the method prescribed by Avery, Chickering, Cole and Dochez.* Most 
of them used polyvalent immune serum and administered small doses 
intramuscularly. Only a few mentioned that efforts had been made 
to ascertain the type of pneumococcus beforehand. Professor Krehl, 
practically the only one to recommend serum therapy, determined the 
type of pneumococcus in his cases and administered immune serum 
intravenously with encouraging results. Fourteen of the twenty-five 
physicians questioned, including Sahli, von Bergmann, E-ppinger, Cursch- 
mann and Schittenhelm, stated that they used quinine or its derivatives 
solvochin, transpulmin, plasmochin and ethylhydrocupreine exclusively. 


1 have been found 


Of these drugs, solvochin’® and transpulmin 
unacceptable for inclusion in “New and Nonofficial Remedies” by the 
Council on Pharmacy and Chemistry of the American Medical Associ 
ation. Several of the clinicians saw no reason to introduce serum 
therapy in the face of the satisfactory results obtained from quinine. 
Of the remaining eleven, some did not have enough experience with 
serotherapy to give an opinion as to its worth, one (F. Meyer) stated 
that he uses serum and optochin in combination, and one (Weinberg ) 
was skeptical of both serum and quinine therapy. 


7. Baldwin, H. S.: M. Clin. North America 12:679, 1928. 
. Cross, F. B.: M. J. & Rec. 116:271 and 354, 1927. 
. Avery, O. T.; Chickering, H. T.; Cole, R. I., and Dochez, A. R.: Mono 
graph no. 7, Rockefeller Institute for Medical Research, 1917 
10. Council on Pharmacy and Chemistry Solvochin Not Acceptable for 
N.N.R., J. A. M. A. 96:1477 (May 2) 1931. 
11. Council on Pharmacy and Chemistry: Quicamphol (Transpulmin) Not 
\cceptable for N. N. R., J. A. M. A. 93:1471 (Nov. 9) 1929. 
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Secause of the preponderance of opinion in favor of quinine in the 
treatment of pneumonia expressed by these German clinicians, and 


since quinine preparations are widely advertised as specific for lobar 


pneumonia, it was considered timely to retest the effects of quinine on 
controlled pneumococcus infection and to compare its effects with those 
of specific immune serum. For this purpose, the new satisfactory 
method of inducing pneumococcus infection developed by Goodner '- 
was employed. This method affords, under experimental conditions, a 
symptom complex that is analogous in several respects to lobar pneu- 
monia in man. The method also renders it possible to observe and to 
compare the effects of various methods of treatment. 

“Dermal” pneumonia is produced in rabbits by injecting small 
amounts of pneumococcus culture intradermally. A local lesion of the 
skin develops after eight to twelve hours which, histologically, resembles 
the reaction found in the human pneumonic lung. In from twelve to 
twenty-four hours, shortly after the appearance of the skin lesion, 
bacteremia and high fever develop (see chart 1 B). In untreated ani- 
mals that die, the organisms in the blood increase in number ; in animals 
that recover, the blood stream may never be invaded, or if pneumococci 
are present, they disappear. In Goodner’s series of fifty-six untreated 
rabbits, forty-eight died, a mortality of about 80 per cent. If, how- 
ever, specific antipneumococcus serum is given early in the course of 
the disease in sufficiently large doses, the organisms disappear from 
the blood, the temperature drops, and the animal usually recovers. 


EXPERIMENTAL METHODS 


Strains of type I and type II pneumococci obtained from the Hospital of the 
Rockefeller Institute, through the kindness of Dr. Avery, were used. Healthy rab- 
bits were inoculated intradermally in the shaved skin of the abdomen with 0.2 cc. 
of a 1:1,000 dilution of an eighteen hour broth culture of pneumococci. Rectal 
temperatures were recorded at least twice daily thereafter, and blood cultures were 
made once or twice daily until the animal recovered or died. Blood cultures were 
made by obtaining, accurately, from 0.1 to 0.2 cc. of blood from the marginal vein 
of the ear, mixing it with 15 cc. of nutrient agar containing 0.5 cc. of sterile blood, 
at 45 C., and pouring plates. In this manner, the number of colonies of pneumococci 
could be counted after twenty-four hours’ incubation, permitting a quantitative 
estimation of the intensity of the bacteremia. 

Two quinine preparations were tested, quinine hydrochloride and ethylhydro- 
cupreine (optochin base, “New and Nonofficial Remedies”), since these are the sub- 
stances most commonly used clinically. Quinine hydrochloride was dissolved in 
distilled water and administered intramuscularly and intravenously. The dose given 
intramuscularly approximated the tolerated dose of from 30 to 70 mg. per kilogram, 
as given by Solis-Cohen, Kolmer and Heist.1° As a rule, 50 mg. per kilogram 


12. Goodner, K.: J. Exper. Med. 48:413, 1928. 
13. Solis-Cohen, S.; Kolmer, J. A., and Heist, G. D.: J. Infect. Dis. 20:313, 
1917. 
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i body weight was given within eight hours in divided doses. In one instance, a 
rabbit died shortly after the injection of 50 mg. per kilogram, but in some animals, 
as much as 120 mg. per kilogram was given in three doses of 40 mg. each at four 
hour intervals without evidence of poisoning. Quinine hydrochloride was given 
intravenously in divided doses so as to inject 30 mg. per kilogram within eight 
hours. The tolerated dose is stated to be from 20 to 30 mg., and the lethal dose 
50 mg., per kilogram.'% 

The water-insoluble ethylhydrocupreine was dissolved in olive oil. Two per 
cent solutions were used. The solution was injected subcutaneously so that 150 
mg. per kilogram was given in divided doses. One animal received 275 mg. per 
kilogram in forty-eight hours. Ethylhydrocupreine in 2 per cent solution in olive oil 
was also injected directly into the stomach by means of a ureteral catheter. Rab- 
bits received 400 mg. of ethylhydrocupreine in two doses within four hours. To three 
animals, 200 mg. was again given the following day, making a total of 600 mg 
This amount is approximately one fourth of the total dose (2.4 Gm.) recommended 
for human beings for a similar period of time (Cross*). The insolubility of 
ethylhydrocupreine in water and its low solubility in oil precluded intravenous or 
intramuscular therapy. Blood cultures were made before and after the commence- 
ment of treatment, in most cases twice daily. 

A potent antipneumococcus (horse) serum was administered intravenously 
within the first few hours after the onset of fever. The dose recommended by 
Goodner was used—).23 per cent of the body weight. In some cases, the dose was 
repeated once or twice the same day. Blood cultures and registrations of tempera- 
ture were made as in the observations with drugs. 

In most experiments, sets of four rabbits were studied; two animals were 
treated, and two served as controls. 

RESULTS 

The strain of type I pneumococci used in these experiments proved 
to be exceptionally virulent for rabbits. All of the seventeen untreated 
control rabbits died. Death usually occurred on the first or second day 
after inoculation. Bacteremia was present in each case. The strain of 
tvpe II pneumococci was less virulent; eight of eleven inoculated rabbits 
survived. Bacteremia did not occur in any. 

Effect of Quinine Therapy—Although large doses of quinine 
hydrochloride and of ethylhydrocupreine were given early in the course 
of infection, all of the twenty-two rabbits thus treated succumbed to 
infection. Nine died one day after inoculation, eleven two days after 
and two three days after, which was similar to the behavior of the 
untreated controls. A typical experiment is illustrated in chart 1 //. 

Although large doses of ethylhydrocupreine were given, bacteremia 
persisted unaffected, and the animal died in two days. In none of the 
experiments, except one, was there any evidence of diminution of fever 
or of prolongation of life as compared with the controls. In all animals 
infected with type I pneumococci bacteremia developed, and in none, 
except one, treated with quinine salts was there any evidence of effect on 


the bacteremia. In the one exception, the temperature dropped to normal, 
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and the bacteremia diminished from 1,000 to 10 colonies per cubi 
centimeter of blood following an intramuscular injection of 120 mg. o1 
quinine hydrochloride, which is double the usual tolerated dose. Th 
bacteremia and fever both increased rapidly again, within a few hours 
and the animal died on the third day. In many instances, the numbe: 
of circulating organisms increased during the treatment until death 
occurred. 

We were unable to demonstrate any appreciable effect of quinine 
salts on the course of pneumococcus infection in rabbits. No ditferenc: 
was noted in relation to the route of injection of the drugs, nor wer: 
any differences noted between the effects of quinine hydrochloride and 
those of ethylhydrocupreine. All of the twenty-two treated and seven- 
teen untreated rabbits died. 
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Chart 1—The temperature curve and the number of pneumococci per cubic 
centimeter of blood at various intervals in a rabbit (.4) treated with ethylhydro- 
cupreine, as indicated by the arrows, and in an untreated control rabbit (2). 


In animals inoculated with type II pneumococci, ethylhydrocuprein 
was likewise without effect. A typical experiment is illustrated 1 
chart 2C. As shown in the chart, one rabbit (C) received two doses of 
200 mg. of ethylhydrocupreine base per kilogram, but died five days 
after inoculation. The control animal (D) recovered on the sixth da) 
In another experiment, four rabbits all recovered from infection on the 
fourth or the fifth day. The course of the infection in the two animals 
treated with quinine was no different from that in the two controls. 


Effect of Serotherapy—Since the striking therapeutic effects 01 


specific immune serum duplicated the results reported by Goodner, onl) 


a few animals were thus treated. Several experiments were performed, 
with sets of four rabbits each. In two experiments there were two 
treated and two control animals. All of the controls died. Of the 
four treated animals, two recovered. In one of the two treated animals 
that died, the temperature dropped to normal and the pneumococci in thi 
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Jood stream diminished in number from 50,000 to 1,000) per cubic 
centimeter after one injection of serum. The next day, however, tever 
wain appeared, bacteremia increased, and the rabbit died \ second 
dose of serum on the second day failed to save the animal. It 1s possi 
ble that repetition of the treatment within a few hours atter the first 
dose would have saved both animals. In another experiment, all tour 
rabbits were treated with serum. In each, bacteremia greatly diminished 
or disappeared after the first injection. In two, about 10 colonies pet 
cubic centimeter reappeared when the next blood culture was made, but 


disappeared after the second and third injections of serum. One 1 ibbit 
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Chart 2. The absence of effect ot ethylhydrocupreime i rabbit ted 
with type LL pneumococei and treated with ethylhydrocupreme, as indicated by the 
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Chart 3—The therapeutic effect of type I serum administered to a rabbit 
infected with type I pneumococci. The rabbit (1.800 Gm.) received two intr 


venous injections of 4 cc. each, as indicated by the arrows 


recovered on the first dav and one on the second day; in one, tevet 


persisted for four days before recovery. The fourth rabbit apparent! 
recovered, the temperature dropped to normal on the second day, and 
the blood culture became sterile, but on the third day it was found dead 


Necropsy revealed pneumococcic pericarditis. 
The striking beneficial effects of specific immune serum in 1 


if the treated rabbits was demonstrated by the reduction of fever and 


the elimination of bacteremia. Of eight animals treated with immune 


serum, five recovered. The record of one of the rabbits suece ssfull 


treated with specific immune serum is illustrated in chart 3 / 
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COMMENT 


The results of the experiments leave no doubt as to the superiority 


of specific immune serum in the treatment of pneumococcus infection 


in rabbits. Quimine hydrochloride and ethylhydrocupreine, although 
pneumococcicidal in vitro, appear to have no effect on the course of the 
infection, on the bacteremia or on the outcome as compared with the 
controls. All of the twenty-two rabbits treated with quinine derivatives 
and all of the seventeen untreated animals died in approximately the 
same length of time after inoculation with type I pneumococci. On 
the other hand, five of eight animals treated with specific immune 
serum recovered. 

Quinine salts had no influence on the course of the milder infections 
due to type [IL pneumococci. Treated and control animals recovered in 


approximately the same length of time. 


CONCLUSIONS 

Ouimine hydrochloride administered intravenously or intramuscularly 
and ethylhydrocupreine administered subcutaneously and by mouth had 
no effect on the course of experimental pneumococcus infection in 
rabbits. 

Specific immune serum, when given intravenously early in the course 
of infection in adequate doses, eliminates pneumococci from the blood 
stream, reduces the fever and causes recovery in most of the treated 


animals. 
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RESUSCITATION OF THE STOPPED HEART BY 
INTRACARDIAL THERAPY 


II. EXPERIMENTAL U: OF AN ARTIFICIAL PACEMAKER 


ALBERT S. HYMAN, M.D 
Director, Witkin Foundation for the Study and Prevention 
Disease, Beth David Hospital 


NEW YORK 


Cardiac standstll, regardless of the sequential development ot the 
etiologic factors responsible for its occurrence, constitutes a climeal 
problem of no little magnitude so far as a favorable outcome im any 
individual case is predicated on the initiation of therapeutic measures 
leading to prompt restoration of the automatic activity of the heart 
The more or less dramatic events attending cardiac arrest, whether the 
scene be laid in a well appointed hospital operating amphitheater, a 
doetor’s consulting room or in less favorable circumstances, are always 
associated with ill defined attempts to do something to restore cardie 
function. In the brief interval before complete surrender to death has 
taken place and before utter helplessness has seized those administering 
to the dying person, many random and badly executed procedures are 
invoked with the last minute hope of resuscitating the stopped heart. 

In a previous communication ' [ attempted to review the methods 
currently employed in restoring normal cardiac activity. It was pormted 
out that when complete asystole of the heart occurs, a relative anoxemia 
of the myocardium soon develops; as this disturbed chenneal balance 
progresses, the irritability factors of the heart muscle as a whole are 
markedly altered, so that the physiologic response to stimuli mitiated out 
side of the normal pacemaker area at the sino-auricular node is enhanced 
\ny external mechanical stimulus when applied directly to the heart 
may result in an ectopic contraction; there is considerable experimental 
evidence to indicate that the first beat under such circumstances 1s 
always extrasystolic (fig. 6). 


In the early phase of the anoxemic period, the development of 1 


single ectopic contraction may be, and usually is, sufficient to restore 


normal sinus rhythm. Medical literature is replete with instances of 


Published by permission of Grant No. 21A from the Witkin Foundation 

Report of the Special Committee on Intracardiac Therapy of the Witkin 
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1. Hyman, Albert S.: 9 Resuscitation of the Stopped Heart by Intracardiac 
Vherapy, Arch. Int. Med. 46:553 (Oct.) 1930 
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resuscitation by such mechanical stimulation of the stopped heart. Su 
geons have massaged the heart when it has stopped beating during the 
course of an operation; squeezing, pinching or any other manipulation 
that directly develops a focal point of irritability from which an extra- 
systolic beat can arise permits the heart to return to its own automatic 
activity. 

The past decade has seen another and a perhaps more direct measure 
introduced into clinical medicine. Intracardial injection therapy has, 
since 1921, received more and more attention as a procedure in resusci- 
tating the stopped heart. Many instances of recovery after the intra 
cardial injection of epinephrine have been recorded in the literature ; 
up to 1930, my previous report showed that there were about 250 cases 
in which intracardial therapy in one form or another had been resorted 
to, with a favorable outcome in about 25 per cent. Many other sub- 
stances in addition to epinephrine—twelve have been deseribed—when 
injected during the early anoxemic phase of the asystolic heart will 
cause extrasystolic contractions and in suitable cases a complete return 
to normal auriculoventricular rhythm. 

The indications for such intracardial injection therapy are rather 
clearly defined. Meyer's classification of cardiae arrest divided all sucii 
Instances into two groups: First are those in which the patient has 
died as the result of constitutional or infectious disease processes. For 
these, no favorable outlook is to be anticipated as the heart is no longer 
normal, having been concomitantly altered by severe pathologic changes 
in other parts of the body. The second group of patients, comprising 
those who have died on the operating room table, the street or the 
battle field as the result of shock, pacemaker disturbance or an unstable 
vagal mechanism, may be resuscitated by intracardial therapy as these 
hearts are fundamentally normal and unatfected by such pathologic 
changes as those in the former group. In other words, intracardial 
injection should be a mode of therapy available for persons free from 


‘ 


cardiovascular disease who have suffered sudden “death” from one ot 
the aforementioned causes. 

The success of such intracardial injection procedures, regardless ot 
the substance used, although epinephrine is by far the most popular, 
is due entirely to the prick of the needle thrust into the heart. Here 
again, a focal point of irritability is generated in the heart muscle from 
which ectopic beats may be initiated. As already indicated, in the first 
phase of the anoxemic period the extrasystole, regardless of its site of 
origin, is usually promptly followed by sinus rhythm. When, however, 


the anoxemic period extends into its second phase and when the chemi- 


cal changes in the various structures of the heart have become so altered 


2. Mever, C.: Jahrb. f. Kinderh. 107:76 (Sept.) 1924 


i 
| 
| 

H 

| 
| 
g 


HYMAN—RESUSCITATION OF STOPPI HEARI 2x5 


that the electrodynamic factors are irreversibly disturbed, such a pomt 
oi focal irritability may persist and continue to initiate simul: for many 
other extrasystoles. Instead of one ectopic beat there will be a long 
series of rapidly developing extrasystoles which may approach parox 
ysmal tachyeardia. When the ectopic focus has developed the 
ventricles as the result of the intracardial injection therapy, paroxysmal 
ventricular tachyeardia can be quickly followed by ventricular fibrillation 
and then by vascular collapse and death 

It was for this reason that we suggested that the intracarcdial myecc 
tion be made into the right auricle; here the same phenomena may take 
place. Extrasystoles rapidly initiated may pass quickly into paroxysmal 
auricular tachyeardia and then into auricular fibrillation The ditter 
ence in this instance is that while ventricular fibrillation is incompatible 
with life. auricular fibrillation is a well known and easily handled 
clinical entity. The rationale of intra auricular puncture is thus based 
on physiologic principles and may offer a favorable outcome im cases 
in which cardiac arrest has occurred in an otherwise normally function 
Ing system. 

Since the publication of the original paper in 1930, there has appat 
ently been a rather general acceptance of our conception of the pro 
cedure of intracardial injection. Reviews and comments both here 
and abroad.’ as well as the more recent textbooks on the heart (tot 
example, those of East and Bain*® and Paul D. White"), have all 
served to focus attention on the desirability of utilizing this type ot 
resuscitation therapy when indicated. The preferential site of the 
injection has also been discussed by several authors; the unqualihed 
adoption of intra-auricular puncture has been recommended by some, 
while it has been held inadvisable by others. 

Opportunity for further investigation of the problem has been 
generously afforded through an additional grant from the Watkin 
Foundation ; experimental studies on certain physiologic functions of 
the disturbed heart muscle during the various phases of anoxenna 

3. These reviews and comments were published in the following journals 
J. A. M. A. 95:1939 (Dec. 20) 1930 Am. Heart J. 6:302 (Dec.) 1930 
Canad. M. A. J. 24:462 (March) 1931. Practical Medicine Series: Gene ral Meds 
cine, p. 593; General Surgery, p. 24; Gene ral Therapeutics, p. 48, Chicago, Year 
Book Publishers, 1931. 

4. A review appeared in Lancet (2:83 [Jan. 10] 1931) and also im the Zentral 
blatt fur innere Medizin (60:544 [March 23] 1931) 

5. East. C. F.. and Bain, C. W.: Recent Advances in Cardiology, ed. 2, Phila 
delphia, P. Blakiston’s Son & Co., 1931, p. 254 

6. White, Paul D.: Heart Disease, New York. The Macmillan Company, 
1931, p. 875. 

7. Intra-Auricular Puncture, editorial, J. A. M. A. 9621875 (May 30) 1931 

8. Henderson, Y Intracardiac Therapy, correspondence, J. A. M. A. 97:124 

luly 11) 1931. 
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resulting from cardiac arrest have been attempted, and several genera! 
conclusions have become permissible. The first of these is that th 
anoxemia which immediately takes place in the heart muscle with th: 
onset of ventricular standstill reaches a relatively high acid concentration 
within a brief interval; many laboratory investigators have shown thet 
the curve of Py concentration rises rapidly in heart muscle when the 
normal circulatory mechanism is disturbed. 

Further studies have demonstrated that as the curve of Py concen 
tration rises, the rate of electric conductivity 1s markedly enhanced ; in 
the beginning the two curves run almost parallel, but after a certain 
well defined interval the curve of conductivity rises much slower than 
the curve of acid concentration. Regarded from another angle, it may 
be said that the threshold of conductivity is considerably lowered during 
the initial stages of myocardial anoxemia. The irritability factors of 
the heart are thus at first increased, but as the myocardium suttfers 
prolonged oxygen-want and increasing acid overbalance, there is a break- 
down of the normal electrodynamic factors, so that there 1s no coordi- 
nated fiber response and muscle traction. 

During the period of hyperirritability mechanical stimulation of any 
type sufficiently intense enough to reach the heart muscle fibers will lx 
followed by contraction; this contraction will necessarily be of the 
extrasystolic type since the stimulus for the beat arises outside of the 
normal pacemaker. We have previously pointed out that the auricles 
are physiologically better prepared to receive such ectopic stimulation 
than the ventricles, and that the circulatory demands of the body may 


be maintained over long periods of time by extrasinus nodal rhythms. 


While it is true that ordinarily a single prick of the needle may he 


enough to produce a point from which stimuli for myocardial contrac- 
tion can arise, the success of this procedure depends on the stage of 
anoxemia through which the entire heart is passing at the time that 
the injection is attempted. During the initial stages of the resuscitation 
period the response to such stimulation is almost always positive, but as 
the middle and later stages of this period are approached and as the 
electrodynamic balance of the entire heart becomes more and more 
disturbed, a single prick of the needle may not be sufficiently powerful 
enough to dominate the complicated physiologic mechanisms that arise 
Two or even three or more needle thrusts may he required ; the dis- 
advantages of this procedure are obvious. Henderson *® has already 
commented on the injury to the heart likely to follow such multiple 
punctures. 

Since the entire phenomenon of stimulus production as the result 
of the mechanical irritation of the needle prick is dependent on the 
development of differences in electric potential, it would seem that 
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control of the latter factor might favorably atfect the chances of myo 
cardial contraction. Moreover, the needle prick under such conditions 
offers only a single stimulus for the contraction of the heart; in labora- 
tory animals this feature can be readily demonstrated. In a guinea-pig 
heart, for example, after cardiac arrest occurs and after the resuscitation 
period enters into its second phase, the needle prick initiates only a 
single cardiac contraction. 

If the electric difference of potential could be rhythmically devel- 
oped during this period of cardiac standstill, it would appear a priori 
that regular contractions of the heart would follow, and under such 
artificial stimulus production an automatic activity of the entire heart 
might be maintained. When such a stimulus center is produced in the 
auricles, the factor leading to a normal cardiovascular response is to 
be anticipated, and with the return of a favorable peripheral circulation 
all the vital organs, unless irreparably damaged, would again take up 
their normal functions. With the restoration of coronary circulation 
and with the disappearance of the chemical imbalance the myocardium 
will again resume its normal activity with the taking up of its own 
automatic sinus nodal rhythm. 

The problems engendered by electrical stimulation of the stopped 
heart are not new; as long ago as 1862, Walsh” discussed the posst- 
bilities of causing the heart to contract by faradic stimulation of the 
sympathetic nervous trunks. Since that time there have appeared no 
less than sixty-five papers in the medical literature of continental europe 
and America, all concerned with various methods of reactivating the 
heart by electrical devices. For most part, the workers in this field 
have been interested in the stimulation of the neuromuscular mechanism 
of the heart, and in the papers written before 1910 the general opinion 
seems to have been that the heart was subservient to neurologic-electric 
control, 

More recently several authors have attempted to reanimate the 
asvstolic heart by passing electric currents of different types through 
the chest; both high and low frequency ditferences of potential have 
heen used and many kinds of electrodes have been employed. Kingsley, 
for example, has experimented with a diathermie current in which the 
focal electrode was oriented in the heart muscle; a Japanese worker, in 
a further development of this theory, believed, that increasing the 
temperature of the heart tissues would enhance the possibility of the 
restoration of automatic cardiac activity, and in some rather brilliantly 


performed experiments showed this to be true in laboratory animals 


9. Walshe, W. H \ Practical Treatise on the Diseases of the Heart and 
Great Vessels, Philadelphia, Blanchard & Lea, 1862, p. 155 
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In 1929, at the Medical Congress held in Sydney, .Australia, Gould 
demonstrated an electric device for stimulating the heart; this apparatus 
consisted of a neutral plate and a positive needle electrode which was 
inserted into the heart. Gould reported the case of a baby who was 
resuscitated by such electrical stimulations of this organ. 

Prior to this, in 1927, we developed an apparatus for rhythmicall) 
stimulating a heart-lung preparation during a study that was being made 
on experimentally produced extrasystolic arrhythmias. This appa 
ratus, based originally on the Fiertz-haufmann induction coil stimu 
lator familiar in one form or another in all physiologic laboratories, 
Was constructed with a rotary polyphasic interrupter which permitted 
a known faradic current to be applied directly to the heart muscle. 


the course of the experimental work on this subject a special needle 


electrode was developed, as the ordinary procedures utilize the single 
point method of stimulation with a neutral electrode grounding the 
entire heart ( Rothberger ). 

While the studies on intracardiac therapy were being carried out, 
it occurred to us in April, 1928, that resuscitation of the stopped heart 
might be secured by applying procedures previously employed only tm 
laboratory animals; at this time the needle prick theory of reactivating 
the asystolic heart was just being investigated. The replacement of the 
clinically employed hollow injecting needle by a special needle electrode 
that would carry a suitable stimulating current to the heart muscle now 
became a matter for special investigation. Since such a procedure would 
be, in effect, the employment of an artificial pacemaker acting in many 
respects like that of the normal sinus nodal pacemaker, there immedi- 
ately arose the problem of the type and strength of the electric stimulus 
to be used. 

The electrophysical phases of the problem were found to be beyond 
the scope of our own laboratories, so that assistance was required from 
several workers in the electrophysical departments of New York Uni- 
versity. With their help a suitable apparatus was devised, a description 
of which follows. 


THE ARTIFICIAL PACEMAKER; ITS DESCRIPTION AND MODI 
OF OPERATION 

In its final form the artificial pacemaker scarcely resembles the 
original cumbersome, complicated and unwieldly apparatus that was 
developed to carry out the theoretical demands imposed on it for 
restoration of function of the asystolic heart. These demands can be 
briefly enumerated as follows: (1) imitation of the normal sinus nodal 
impulse in difference of electric potential, speed of release, rate of 
10. Hyman, S.: The Experimental Production of Extrasystoles 
Human Heart. to be published 
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ischarge and regularity of rhythm: (2) discharge of this current i 
that part of the heart in which a nearly normal cardiac response would 
follow: (3) maintenance of rhythmic discharge over a controllable 
period of time; (4+) freedom from the need of accessory and perishabl 
materials, and (5) instant avallability for emergency conditions 

Studies involving resistance phenomena im various Types of tissue, 
refractory periods, contractility curves and other stimulant phystologie 
functions of muscles were made, and certain constants were finally 
experimentally established. The source of the electric current proved 
to be one of the greatest problems; realizing that the apparatus was 


to be used for emergency purposes, It soon became evident that 1t must 


Fig. 1——The artificial pacemaker seen from the front. In figures 1 to 4 the 
following important features are to be noted magnetogenerator; 2B’ and 


companion magnet pieces; C, neon lamps; J), spring motor; E, ballistic governor ; 
P handle; G, impulse control; /7, speed control ; I. flexible electric cord; J, insulated 


handle handle switch, and L. electri cle needle 


be prepared at all times for instantaneous action For this reason, the 
use of batteries of any type was prohibited ; the lite period of commercial 
electric batteries, even when they are unused, is only about six months, 
so that unless new batteries were constantly being inserted, the machine 
might prove valueless when needed the most. Small generators were 
devised, only to be rejected because the type of current developed by 
them was not suitable for this work; moreover, the motive power 
required to spin these generators was too great to permit their use in a 


small portable apparatus 


| 
G H 
| 


200) INCHIVES INTERNAL MEDICINE 


Finally, a special form of magnetogenerator was constructed, with armatur: 
windings of sufficient size and numbcr to develop the required stimulating current 
an unusual type of built-up magnetic flux and the inclusion of a Tesla controll 
break circuit on the armature brought into final fruition a very small and easil 
turned apparatus. A spring motor connected with appropriate gears and regulated 
by a ballistic governor was found to spin the generator for a period of six min 
utes with a remarkable constancy: a ratchet handle made possible rewinding of 
the motor without appreciably affecting either the speed or the power 
generator. In one experiment, the generator was kept in motion for four 
with no fluctuation in its output 

A rotary two-faced interrupter disk, geared at a definitely determined rat: 
to the generator armature, controlled the duration and speed of the electric cur 
rent delivered to the outlet terminals. Three interrupter ratios were arbitrarily 


artificial pacemaker seen from. the 


determined ; ¢ lowest permitting 30) impulses per 


next 60 impulses, and t ughest 120 impulses 


} 
ipolar lamps were utilized Th lamps, consum1 
luminescent electr 
the 
terminals, the lamps 
release 


apparatu 
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is shown at 
Mn minute to be delivered, the 
the productic1 livided., 
special neon gas gt 
lowest amperage n the 
negative side of wher 
the current was 
q ther words, acti lating 
f current; when the stimulating current was being delivered, the lamps were “dead.” 
{ Many highly technical and exceedingly complicated questions in pure electré 
physics had to be solved before the gyggggatus could be successtully assembled 
11. These were furnished by the Vapor Lamp Division of the General Ele 
tric Company which has ccoperated in this particular phase of the work ; 
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t is not within the scope of this paper to enter inte any 1 these, save to port out 


vat the capacity effect in the heart muscle itself had to be thoroughly studied and 

ompensated for, as did the correction tor the “lag” in muscle irritability 
Photographs of the apparatus are seen im figures 1 to 4. Figure 1 shows the 

front aspect of the artificial pacemaker, The principal parts ot the equipment (as 


designated in the figures) are here de scribed 


{. magnetogenerator; note the Tesla control armature brushes 

RB’ and B", companion magnet pieces used in building up the required magnetn 
flux 

C. neon lamp cluster and current indicator 

J), spring motor. 

E. ballistic governor, the speed control of the spring motor 

F. handle for winding the spring motor with a ratchet arrangement to permit 


rewinding with the motor m action 


2 


Fig. 3—Photograph showing details of needle (1), its electric connections 


(R.S). handle (J) and switch (AK). The special tube holder C7") and tube (2) 


with stopper (Q) are also seen 


G, impulse controller tor regulating the position ot the interrupter brush 
giving the three positions of 30, 60 and 120 impulses per minute 

H, speed control for the spring motor, an arrangement for starting and stop 
ping the apparatus 

[. flexible electric wires for carrying the current 

J, insulated handle 


K. switch for controlling the current to the needle 


L., needle 

\ posterior view of the apparatus 1s shown in figure 2. Here, mm addition to 
the foregoing, is shown one face of the interrupter disk (MM) In figure 3 
presented clearer detail in regard to the needles. the handle and the sterile cot 
tainers for the needles The needle (1) 18 a hollow steel shatt of ne 19 vage 


material through which runs a highly insulated wire that terminates at the same 
angle as the outside needle shaft Electric connections are shown at A’. the out 


side electrode, and S. the mside electrode M’ wea tube holder contaimme paces 
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for six tubes in which the needles are sterilized by dried heat and kept until needed 
yr represents such a tube, and QO is a spt cially prepared stopper selected for its 
impermeability 

For clinical use the entire apparatus is enclosed in a sturdy well built carrying 
case, a photograph of which is seen in figure 4. The cover T is held firmly down 
by heavy trunk catches when not in use; when open, it carries a card O indicating 
directions. The tube carrier, \/’, is seen in its compartment; the impulse regu- 
lator is seen at G, while the starter control is seen at H. The current terminal, 
N. to which is connected the flexible cord, /, is indicated in its relation to the 


handle and needle 


The apparatus complete weighs 16 pounds (7.2 Kg.) because of the 


sturdy type of materials used to prevent damage in rough transportation 


The artificial pacemaker in its carrying Case 


and employment under the most adverse conditions. -\ laboratory 
model built without such protective measures weights but 8 pounds 
(3.6 Kg.), and it may be possible ultimately to reduce the size and 

of all models so that the apparatus can be conveniently carried 


an ordinary hand bag 


EXPERIMENTS WITH THE ARTIFICIAL PACEMAKER 
The successful development of the apparatus permitted its use in 
experimental work on laboratory animals. In November, 1929, a series 
of studies were made in order to determine the validity of the theories 
previously discussed in connection with restoration of function of the 


asystolic heart by controlled electric stimulus production It soon 
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became evident that the type of needle used was of extreme importance 
and that the reasons for previous failures to resuscitate the heart by 
electric stimulation were due to the fact that the entire heart was 
involved in the electric circuit. In such cases the heart is unable to 
respond according to its normal mechanism, and the sequence of events 
in the cardiac eyele is considerably disturbed. When large differences 
of potential are used, the heart may go into fibrillation and all the 
phenomena found in electrocution are discovered.'? 

When, on the other hand, the electric stimulus enters the heart over 
a very small segment, this area becomes a focus from which the normal 
stimulus can pass through the heart over its customary pathways. From 
a theoretical point of view the closer the two electrodes carrying the 
stimulating current can be approximated, the nearer will this artificial 
focus approach that seen in the normal functioning organ. Of funda- 
mental importance is the difference in the basic theories between the 
previous modes of electrically stimulating the heart and that concerned 
with artificial pacemaker methods. In the former, the electric current 
introduced into the heart is the sume current that ts supposed to cause 
contraction of the heart muscle tissue, whereas in the latter theory the 
introduced electric impulse serves no other purpose than to provide a 
controllable irritabile point from which a wave of excitation may arise 
normally and sweep over the heart along its accustomed pathways. 

In other words, the artificial pacemaker produces the same effect 1s 
that previously discussed in regard to the mechanical prick of an 
injecting needle; we have seen that in the latter condition the point of 
irritability that arises in the anoxemic myocardium generates its own 
excitation wave and that it is followed by certain well conditioned 


physiologic responses. The artificial pacemaker method proceeds one 


step further, while the needle prick alone gives only one opportunity 
for stimulus production, the rhythmically controlled artificial pacemaker 
permits many such stimuli to be applied over a period of time sufficiently 
long to enhance the probability of the renewal of automatic cardiac 
activity. 

The practical use of the artificial pacemaker method of restoring the 
automatic activity of the stopped heart can, perhaps, be no better visual- 
ized than by the following experiments. 

A large guinea-pig was “killed” by mechanical asphyxiation, a tracheal 
obstructor of the Porter type being used. When all respiratory movements had 
been stopped and no heart sounds could be determined, electrocardiographic tracings 
were made with the animal in the position of lead II (right foreleg and left 
hind leg). Figure 5 is the electrocardiogram taken prior to the experiment; the 
individual P, R and T waves are easily identified. Figure 6 was taken one hun 
dred and twenty seconds after all evidences of cardiac activity had ceased; the 


12. Hooker, D. R Am. J. Physiol. 91:305 (Dec.) 1929 
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graph shows a straight line with certain extracardiac currents which cannot be 
removed without dampening the entire curve. These currents are constant a1 
can be disregarded. At the point indicated by the arrow, a pacemaker needle wa 
inserted high up in the right ventricle and an extrasystole promptly develope 

but was not followed by any further signs of myocardial activity, the heart 
apparently being in the second phase of anoxemia. 


After thirty seconds the artificial pacemaker current was started, and 


figure 7 is shown the graphic tracings of the current effects in the anoxemi 
I 


eart muscle. The pulsations are readily seen to be regular at a rate of about 
60 to 64 per minute. At the end of sixty seconds the pacemaker was stopped 
and the needle rapidly withdrawn; electrocardiographic tracings (fig. 8) were 
taken and an especially interesting phenomenon was discovered. Normal sinus 
beats with readily recognized P, R and T waves were found to be developing 
exactly the same rate as the previously developed artificial pacemaker  rati 
This rhythm continued for about forty seconds, after which the normal sinus 
rate reestablished itself. In figure 9 is shown the return to a rate slightly faster 
than that seen before the experiment 


2 be 
2 


Fig. 9.—Return to normal sinus rhythm after forty seconds of restored cardiac 
activity ; the rate is now slightly faster than that seen in figure 5 at the beginning 
ot the experiment. 


This experiment was repeated many times on other guinea-pigs. 
rabbits and one large dog, different modes of producing cardiac stand 
sull being employed. It was soon found that whereas the current 
delivered by the artificial pacemaker had been calculated to meet th 
needs of the human heart, the stimulus produced in small animals was 
at times excessive in that widespread myocardial activity occurred muc! 
in the same fashion as that already discussed in connection with th 
older methods of resuscitating the stopped heart. For this reason 
certain resistance units were added to the circuit when smaller animals 
were being used. 


In figure 10 is sl an experiment car 
he pacemaker current was not dampened. 

confirming the theory of greater myocardial involvement 
rents are used. Figure 10 shows the record of the asystolic heart taken 
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stimulating current; the complex takes the form of a bizarre right ventricular 
extrasystole, the pacemaker needle apparently being nearer the base of the right 
ventricle than in the right auricle where it was directed. In figure 10C is dis- 
closed a regular rhythm with the same rate as that developed by the artificial 
pacemaker. This rhythm continued for about one minute, when there was a 
sudden return to regular sinus rhythm (fig. 10). 


From a purely laboratory point of view many interesting problems 
arise which are worthy of further study; one of the most important of 
these is an inquiry into the factors responsible for the return of sinus 
rhythm at exactly the same rate as that produced experimentally by the 
artificial pacemaker. In the initial stage of the restoration mechanism, 
the renewal of automatic cardiac activity seems to start at the same 
rate as that of stimulus release by the artificial pacemaker. Apparently 
rhythmic changes develop in the myocardium as a result of this impulse 
release and the sinus node seizes on these alterations as the first step 
back to its own rhythmic rate. Unquestionably, the problem is more 
complicated than this simple theory would indicate, and many factors 
not here considered may be responsible for this transitional step. In 
discussing this feature with physiologists we have been accustomed to 
employ the simile of the normal pacemaker “following in the footsteps 
of the artificial pacemaker until the former had recovered its equilibrium 
and could enter upon its own initiatory phenomena.” 

Experimental evidence in support of the theory of increasing 
anoxenia resulting in the breakdown of electrodynamic factors 1s 
graphically demonstrated in the following study. 


In this case a rabbit was anesthetized until cardiac standstill had taken place 
Figure 114 shows electrocardiographic tracings in lead III (left foreleg and 
left hindleg) taken about ten minutes after the animal was pronounced dead 
An undampened pacemaker current at 60 impulses a minute was introduced into 
the right ventricle, and figure 118 shows the type of right ventricular extra- 
systoles that developed as a result of this experiment. The artificial pacemaker 
was run for ten minutes, electrocardiograms being taken from time to time 
Two features of interest are apparent: the first is the alternating fatigue 
henomenon of Winterberg seen in figure 11C, where every other extrasystole 
is becoming smaller. The second is the attempt at automatic renewal of the pace- 
maker. Small P waves being seen at a rate of 160 per mi T 
apparently u to initiate a ventricular response because of the 
introduced by the pacemaker current. 

In contrast to this phenomenon is that seen in figure 12, when the pacemaker 
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The normal activity of the heart is apparently but shghtly em 
barrassed by the artificial pacemaker current. The importance of this 
phase of the problem cannot be overemphasized, as the criticism has 
sometimes been made that the heart may actually be beating in certain 
patients who have been pronounced dead ; in such persons it was thought 
that the introduction of the artificial pacemaker current might do damage 
to the cardiac mechanism. Apparently when the heart is contracting 
in response to its own stimulus production, the introduction of an 
irritable focus results in a response no wise different from that seen 
in the extrasystolic arrhythmias. 

In the domain of pure scientific research, the artificial pacemaker 
opens avenues of approach to many problems in cardiovascular physio- 
logic pathology ; only two of these can be presented here. The sugges- 
tion was made by Dr. A. E. Parsonnet that the artificial pacemaker 
might find a place in those cardiovascular disturbances which are clini- 
cally manifested by such gross irregularity of the circulation that death 
occurs. He had especially in mind those types of very rapid auricular 
fibrillation which are associated with low threshold values of the junc- 
tional and bundle tissues of the heart; in such instances the ventricular 
rate is also very rapid, reaching as high as from 180 to 220 irregular 
contractions per minute. The peripheral circulation is thus reduced te 
hazardously low levels, and stasis phenomena may develop.’* With a 
pacemaker needle inserted in one or the other ventricle, it was the vught 
that the ventricular rate might be controlled by this means when all 
other types of therapy had failed. 

Paroxysmal tachycardia is another type of irregularity that not infre- 
quently tests the skill of the clinician; responses to the ordinary modes 
of therapy are, as a rule, futile. When the focus of the new rhythm 
lies in the nodal area, vagal stimulation may interrupt the tachycardia 
and the return to a normal rate is prompt. More often, however, the 
ectopic focus lies in the ventricles, auricles or the Tawara nodal tssue ; 
drug therapy in these cases is always disappointing. As the rhythm is 
extrasystolic in origin it should obey the Herring law of maximal stimu- 
lation of muscle segments ; the artificial pacemaker in such a case would 


release a stronger stimulus for contraction than the ectopic focus, and 


it would thus control the rhythm of the heart. Starting at a relatively 
high rate, sav 160 or 180 impulses per minute, when control had beer 
secured the normal rate could assert itself again. The employment ot 
the artificial pacemaker in such disturbances of rhythm enters into other 
fields not immediately associated with the question of resuscitation 9 
the stopped heart; it is mentioned here only to suggest profitable lines 


of inquiry made available by this type of apparatus 


14. Hyman, Albert S.: Am. J. Pub. Health 29:1103 (Oct.) 192 
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In figure 13 is shown a rabbit heart made asystolic by mechanical 
asphyxiation. At point 4, the artificial pacemaker current at a rate of 
about 60 impulses per minute was introduced, and at point B a faradic 
stimulating current was applied to the exposed right auricle at a rate of 
about 900 impulses per minute. The graph shows ventricular rhythm 
maintained at a rate of 60, while the auricular rate is very rapid, at 
the rate of about 900. Figure 14 was taken four minutes later. The 
auricles are apparently not responding as rhythmically as at the begin- 
ning of the experiment. At point C this faradic current was stopped, 
but the pacemaker current was continued, the ventricles still responding 
regularly. These graphs are introduced merely to point out the wide 
held of appheability made possible by the artificial pacemaker. 


THE CLINICAL USE OF THE ARTIFICIAL PACEMAKER 


Sufficient evidence having been obtained from investigations on 
laboratory animals, the practical use of the theory and apparatus finally 
awaited trial in actual clinical fields. Having demonstrated that the 
insertion of a needle electrode carrying a rhythmic stimulus appar- 
ently caused no more harm to the normal heart than that of any other 
injecting needle and also having proved that such a rhythmically intro- 
duced current may carry on the role of the pacemaker of the heart until 
the normal pacemaker is able to reestablish itself, it was decided to 
use the method at first only on patients who had been pronounced dead 
and in whom all other methods of resuscitation had failed. The coopera- 
tion of clinicians interested in the problem was readily secured, once 
their objections to the possibility of the heart becoming “electrocuted” 
by this method was overcome. 


The prejudice against intracardiac injection has long given way 


vened. When the patient has “died.” such ol 
mind of the medical attendant ordinarily disappear, the feeling being 
that no harm can come to the patient. and at the same time the possi- 


Dility Of resuscitation Is alWavs present. ; he artincial pace- 


maker, radical as the procedure first appeared to some, soon 


to a tull acceptance of its use, 
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The histories of cases are not recorded here, but such satistactory 
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ficial pacemaker finds its greatest value ia the resuscitation of the 
normal asystolic heart which has been stopped by the many causes pre 
viously enumerated, it also finds a place in the attempt to reestablish 


cardiac activity in those who have succumbed to death by other causes 
The method is as yet too new to draw any hard and fast rules in regard 
to its uses, but its relative harmlessness in contrast to the favorable 
results to be anticipated recommends this type of resuscitation in all 
cases when the usual methods have proved futile. Even the saving 01 
one life is sufficient to place the artificial pacemaker among those pro 


now so eagerly seized when the emergency occurs 


SUMMARY 
lation ot the stopped heart by electrical methods 
failed because most investigators have attempted to reactiva 


neurogenic excitation. 


Vhen electric current has been applied directly to 


vq the entire organ in the electric cir 
that the heart is unable to maintain its normal cycl 


currents have been used the factors discovered 1n el 


needle through which is carried 
laving the two electrodes so cl 


is concerned in the electric arc esta! 


point is produced 


+ 
becomes the 


= IRCHIVES OF INTERNAL MEDICINE 
é 
| 
| 
cure 
] 
ta th, 
ously te Ul 
: 
heart, 1 
has been done ) 
i result has beet 
oy 
When strong 
} cution are seen to be present 
i 3. In using a an electric 
: mnpulse, and in that only a 
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| 4. This irritable pI focus from which an excitation 
wave mav spread over the heart muscle. the excitation wave Geveloping 
nd spreading according to normal physiologic conditions. Lhe impuil 
| released from the pacemaker needle differs in no way trom that | 
duce hy the prick of anv injecting needie except tha mn the fatter 
1 ‘nstance only one stimulus is developed, while in the former any numbet 
can be delivered to the heart muscle 
} } } } 
i 5 An apparatus has been constructed which attempts to simuia 
q T] ct} i 
the excitation Wave developed DV The NOTMIdi ac 
it consists In a special current generated by a magneto whic! ’ 
vated by a spring motor, making it instantaneously availabie at any t : 
t anv place and under all circumstances, as it 1s an independent electri 
unit The current from this generator can be so regulated that t 
impulses are delivered to the needle point at a constant regular Tat 
varvine from 30 to 120 beats per minute 
varving to 12 
6. The needles are carried in hermetically sealed tubes that have 
been sterilized: in the puncture procedure the same aseptic precauniotis 
must be served as in anv other sterile injecting manipulation I 
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needle is inserted ito an insulated handle which carries the termunals 
of the electric circuit from the generator. \ convenient switch on the 


1 


handle pernuts the current to be introduced into the needle at wil 


7. Experimental animal studies have shown that the arrested heart 
is rapidly returned to automatic sinus activity after the response to the 
irtificial pacemaker has restored some of the normal circulatory balanes 
Pypical graphs are presented which show the electrocardiographi 
exposition of the events that take place in the heart when the artificial 
pacemaker is applied to the stopped heart 

& The use of the artificial pacemaker m the normally beating heart 
is also shown, and the relative harmlessness of the procedure 1s indicate dl, 
the result being the development of a regular extras\ stole arrhyvthni t 
The artificial pacemaker impulse 1s followed by an ectopic beat trom 
that area of the heart stimulated 

9. The question of utilizing the artificial pacemaker im certam gross 
irregularities of the heart 1s also discussed, but this field) still requires 
considerable investigation before conclusions of any type can be 
considered. 

10. In view of the possible advantageous re sults to be anticipated bys 
the use of the artificial pacemaker in the arrested heart which does not 
respond to the usual methods of therapy, the employment of this me thod 
is suggested. When patients have succumbed to disease processes, an 
attempt can be made to renew automatic cardiac activity by the use of 
the artificial pacemaker without m any way jeopardizing their condition 

11. When correctly used, the artificial pacemaker may prove to Vy 
of inestimable value in the restoration of those patients now succumbing 
to cardiae arrest; emploved together with other established life-saving 
procedures it may well be included in every physician's armamentarium 


against the final struggle with death 


tebe. 
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FIBROMYOMA OF THE UTERUS, CARDIAC 
FAILURE, ANEMIA AND EDEMA 


REPORT OF <A_ CASE 


H. BRANDMAN, M.D 


CHICAGO 


The fact that heart disease is associated with fibromyoma of th 


uterus is well known. The discussions of this association introduced 


by Hoffmeir! and continued by some of the early authors—Le« ypold, 
Fehling® Brosin,* Hennig,’ Landau.? Kessler." Wilson,’ Doran,” Cha 


vanez ” and others—still continues. The more extensive and thorough 


work of later investigators—Boldt,’’ Healy,"’ Garkisch,’* Strassmann and 
Lehmann,*® Kelly and Cullen * and Janaki '’—points to a frequency ot 
simultaneous occurrence of the two conditions ranging from 20 to 40 
per cent. Such a high figure does not seem to apply to carcinoma or 
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other diseases of the uterus or its appendages. [lus statistical con 
comitance has warranted the belief on the part of some gynecologists 
and internists that the new growth can specitically or uniquely myure 
the heart. Hoffmeir,’ Brosin,* Strassmann and Lehmann,’* von Lin 
gen,'” Hennig,’ von Muller‘? and others stated this opimion. On the 
other hand, some authors have demed this relationship. Severe erities 
of the hypothesis that fibromyoma is a specific danger to the heart ave 
Winter,’ MeGlinn,'!’ Martin,” Wilson,’ Romberg, Krehl? von 
Jaschke and Walthard.** Winter was the first chimeian and MeGlinn 
the first pathologist to emphasize sharply the lack of critical judgment 
of some authors and the incomplete and imadequate study of patients 
supposedly having “Myom-Herz.” The former, also, called attention 
to the fact that such studies should represent the jomt efforts and 
responsibilities of various specialists and not rest entirely on the 
shoulders of the gynecologist. 

Some clinicians—Fleck,** Neu,’ Herz.°" Mahler? Strumpell, 
\schner,? Freund ? and Romberg *'—conceived the new growth to be a 
focus or part of a group of phenomena relating to the disturbance of 
the endocrine glands. It was thought, for example, that the tibromyoma 
acted on the heart as does the thyroid gland in thyrotoxicosis, or that 


it Was a passive or active agent in a general disease more manifested 
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in the cardiovascular system. E. Strassmann ** expressed the belie 
that some deleterious agent acted on the uterus to produce the tumor 
and on the heart and blood vessels to cause fibroid, fatty and othe 
damaging changes in the heart muscle and the hypertensive state. Stl 
others implicated the ovaries as the cause of the picture of disturb: 
action of the heart. 

Von Muller’? thought that such uterine disease could initiate an 
propagate the hypertensive state found in the later decades, but m 
other authorities seem to have agreed with this view. Polak, Mitte! 
and MeGrath® in a study of blood pressures in patients with fibro 
myoma of the uterus, could not demonstrate that hypertension was 
detinitely related to the occurrence of the neoplasm 
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whether the tumor itselt can produce substances 
has been investigated by Thalheim and Birnhbau 
with chemical methods and by Patta and Decio with injections « 
extracts of the fibroids into animals. No definite conclusions accrue 
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Valthard.2® McGlinn,’" Healy, Engelmann,*? Martin *° and Romberg 
it is also the one most frequently presented in current textbooks ot 
eynecology and internal medicine. 

In the case of a patient presenting severe anemia and heart failure, 
an occasion was afforded to test clinically the truth of the assumption 
of the injury of the heart by anemia The patient was studied with 
more than the usual care in ordinary hospital observation ; frequent 
hematologic studies (red and white blood cell counts and estimations ot 
hemoglobin), chemical determination of the blood (essentially plasma 


protein and urea) and electrocardiographic and teleoroentgenographn 


2 show the alterations observed 


studies were made. Figures 1 and 
with the aid of these methods. The whole course of observation 
covered a period of about thirteen months and includes, besides the 
preliminary hospitalization, a number of return visits for complet 


reexamination 


REPORT Ot A CASI 

Fits ry. Mrs. ¢ a aged 39, a housewite, Was first seen or \ug. 10, 1930, at 
the Albert Merrit Billings Hospital. The family, child! od and other past history 
vas unimportant. Two years previous to admission, there was a left peritonsillar 
ibscess of ten days’ duration. She had had three n rmal pregnancies and deliv- 
eries. The third, eight years previously, seemed to mark the beginning of the 
rresent illness. The menstrual process, which was n rmal before the onset o! 
pregnancy, was accompanied by a pr gressively increasing amount of bleeding at 
each period, and within the month before admission to the hospital, by gushes ot 
blood from the vagina with each effort of detecatior At the later periods, it 
vas estimated that as much as a pint of blood was lost The course was 
progressive invalidism, consisting of breathlessness, sensations of pounding and 
pain in the left anterior thoracic region and consciousness of rapid beating of the 
heart. Formerly these came with the sli exert but in the three da 
hefore admission they occurred spontaneous!) and were severe enough to requir 
hsolute confinement in bed. Furthermore, there was persistent’ a ad inerea 
swelling of the legs, evelids and right arm 

32. Envelmann: Beobachtungen uber Mvome der Gebarmutter, At | 


3. Graves, W. P.: Gynecology, ed. 4, Philadelphia, W. B. Saunders Company 
1928, p. 143. Miller, C. J.: An Introduction to Gynecol ed. 1, St. I 
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nd Company, 1931, vol. 10, p. 100. Anspa h, B. M Gynecology, Philadelphia, 
B. Lippincott Company, 1927, 4 M ind Sta Hand 

buch der inneren Medizin, Berl er, 1928 1 4 S81. Curt 
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Company, 1930, p Vaquez, H Diseases of the Heart, translated by G. ] 


Laidlaw, ed. 1, Philadelphia, W. B. Saunders Company, 1924, p. 451. Special met 


tion of the excellence of the discussion ot the association of heart disease and fibro 


oma of the uterus by H. Albrecht (footnote 2) should be made here 
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As far back as the onset, the patient had been informed of having anemia and 
had received frequent intravenous injections of solutions of ferrous salts, without 
relief. 

Examination —When first seen, the patient was sitting upright in bed and 


breathing rapidly and with effort. An extensive edema, principally in the soft 


—— - 


‘Erytnro 
5,000,000 


| 
| 


T 


tr 


fusion. 76d de] 


‘Tr 


1p 


26. 28 | 


ionships between red and white blood cell 
transtusions. The short dash line 


nt 37 


H 
80 | 4.000.000] | | 
| 2000000] | TT 
000 
j as 
54 
and percentage of hemoglobin ndicates 
hemoglobin in per cent: the continuous line, the red cell cour@====8llions, and the 
long dash line, the white cell count in thousands 
tissues of the tace, the mght arm and the lower part of the back and legs was 
present There were marked gingival exudation and dental caries 
Examination of the chest showed dulness to percussion over the base of the 
mght lung and corresponding regional suppressios t breath sounds. with crepitant 
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nd moderately coarse rales. The maximum apex impulse was diffuse, and was 
felt in the anterior part of the left axilla in the fitth interspace \ loud, rough, 
systolic murmur was heard constantly over the region ot the maximum apex 


The blood pressure was 160 mm. of mercury systolic and 80 diastol 
1 


impulse. 


Abdominal palpation revealed a firm, tender, nodular and somewhat fixed ovoid 
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Fig. 2—Chart showing relationship between weight and plasma proteins and 


the variation in certain symptoms. The blocks indicate the severity of the symp 


toms, 


hass projecting 10 cm. above the symphysis of the pubis in the midline. Pelvu 
xamination demonstrated the mass to be a part of the uterus 

Marked secondary anemia and leukopenia (changes in the hematologic obser 
vations during the course of the illness are shown in fig. 1), albuminous urine ot 
low concentration, a diminished amount of plasma protein and low concentrating 


power of the kidnevs (as measured by the ability to clear the blood of urea) wert 
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found in the first laboratory examinations. According to a teleorventgenogran 
the heart was greatly and generally oversize, with a configuration suggestive 
mitral stenosis. The waves of the electrocardiogram were of low amplitude. (T] 
teleoroentgenograms and electrocardiograms are shown in figure 3.) 

The temperature before operation varied between 99 and 101 F., but occa 
sionally it was as high as 102.5 F. The pulse rate usually varied from 90 to 14/ 
and the respiratory rate, from 22 to 40. All three varied almost directly with the 
degree of the symptoms and signs described. 

Diagnosis —A diagnosis was made of large, bleeding and possibly infected fibro- 
myoma of the uterus, mitral stenosis with myocardial hypertrophy and dilatation, 
severe anemia, generalized edema (including right hydrothorax) and severe oral 
sepsis. Chronic glomerulonephritis, active endocarditis and general sepsis wer 
also considered. 

On August 14, 16, 23 and 24, 680, 800, 750 and 850 ce. of blood were transfused 
into the patient by the citrate method, with practically no ill effects, except one 
short chill. By August 17, the difficulty in breathing and other discomfort had 
disappeared. The edema, as indicated by the weight and physical findings (fig. 2), 
was rapidly disappearing. Diuresis was copious. The amount of plasma proteins, 

he degree of renal concentrating power and the urinary changes progressed more 

poder to normal. Though the red blood cell count and the hemoglobin value were 
nearly normal by the fourth week in August, leukopenia was still present. A 
slight decrease in the size of the heart and an increase in the amplitude of the 
waves were present in the teleoroentgenograms and electrocardiograms, respec- 
tively 

Operation—On August 27, supravaginal hysterectomy and bilateral salpingo 
oophorectomy were performed Dr. F. L. Adair under a combination 


infiltration and ethylene anesthesia. Somewhat more than the 


difficulties were experienced. The postoperative course was 
} 


was discharged on September 10 as much improved. At this time, she 
readily been ambulant, but she was kept to a rather vigorous regimen ot 
urse.—In four subsequent returns for further study, on Novy. 10, 
Jan. 9, Feb. 27 and Sept. 25, 1931, tl atient reported progressive 
ment. She was able to do light housework. The white blood cell count was 
normal on the last two visits h had n extracted at substituted 
The right border of the heart had receded to the right 
the left was usually about from 9 to 9.5 cm. from the midsternal 
interspace. In the last visit, » left border of the heart was 8.5 cm. from the 
midsternal line. Rough systolic murmurs were heard over the apical and aorti 
regions, but they were less loud than before. They have been present throughot 
the period of observation. 
The series of teleoroentgenograms presented a heart of in ; 
figuration and decreasing size, but never entirely normal. The electrocardi 
lisp progressive increase in the the waves. 
turn, the patient mentioned that sh 1 begun to notice a tet 


increased heart rate “urrins ith exertion and 


eing further investigatec 
e uterus removed at operation measured 11 
was symmetrically enlarged, nearly globular and contained 
shaped sa a thick-walled and pedunculated submucous fibromyoma, 
approximately 10 cm. in various diameters. The contents of the sac 


emorrhagic material 
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}—Showing electrocardiographic and teleoroentgenographic alterations !, taken Aug. 11, 
Mitral disease?). The heart is 65 per cent oversize; there is pulmonary congestion. Elec 
iographic curves are of low amplitude. B. taken August 25, shows condition unchanged from 
ture. There is a tendency toward left axis deviation; the waves were slightly more increased 
tude. C, taken September 8, shows heart now decreased to 40 per cent oversize. Waves are 


greater amplitude ; left axis deviation remains. D. taken November 10, shows heart 25 


oversize. E, taken Feb. 26, 1931, shows size of heart 24 per cent over normal. F, taken 


1931, shows heart 31.4 per cent oversize. The electrocardiogram is unchanged in the last 


tures 
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Microscopically, there were edema, hyalinization and shrinking of the mus 
fibers and considerable deposition of dense collagenic connective tissue in the s 
stance of the fibromyoma. 


COMMENT 


The rapid amelioration of the symptoms and signs during the cour 
of rapidly repeated transfusions and the subsequent restoration of tli 
condition of the blood to nearly normal, argues strongly, if only pre 
sumptively, that the anemia alone was responsible for the heart fa 
The clinical picture, so far as the heart is concerned, can be explain 
on the basis of two types of activity imposed by the anemia. The first 
and early one involves the necessity of the use of the reserve function 
According to Blumgart, Gargill and Gilligan,** from a study of the 
cardiac output in patients with anemia, there are an increased unsatura 
tion of the hemoglobin, of minor importance, and an increase of cardia 
output. The observation of increased cardiac output in the presence 


of experimentally produced hemorrhage in dogs has been noticed by 


Blalock and Harrison.*® Along with the increased output of the he: 


there is a dilatation of the muscular wall. This is in sense 
indication of diseased muscle, but one of the manifestations of 
process of compensation. The enlarged heart of this type returt 
rapidly to normal when the anemia disappears. The second type of 
activity represents the exhaustion of the reserve function and genuine 
damage to the myocardium, so that real heart failure supervenes. -\na 
tomically, the heart muscle has been shown to present fatty chi 
and cloudy swelling. All of these changes have been weil disc 
by Walthard.° 

In a search through the literature, there seems to be no mention of 
other cases as thoroughly investigated as the one of Ball." The clinical, 
hematologic. teleoroentgenographic an features 
were very much like those in the case th: ‘rence 

h 


atian ¢ od 
Ball's patient was first thought to hav 


he end ot! 


to be noted was that. thoug 
organic mitral stenosis, she presented a normal heart at t 
eleven months’ of observation; in the patient discussed in this paper, 
probable mitral and possible aortic valvular lesions persisted, as residues. 


atter the disappearance ot U mptoms and ns. Ball gave a co 
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34. Blumeart. H. S.: Gargill, S. L.. and Gilligan, D. R.: Velocity of BI 
Flow and Other Aspects of Circulation in Patients with “Primary” and Secondat 
Sal 103% 
Anemia, J. Clin. Investigation 9:079 (Fe 19, 
35. Blalock, A.. and Harrison, | R ihe Neguilat t Circuiat \ 
: Effect of Anemia and Hemorrhage u the Cardiac Output Dogs, A 
‘ Physiol. 80:187 (March) 1917 
6 Rall. D.: Changes in Size of the Heart in Severe Anemia, Am. Heart 
6:317 (April) 1931. 


prehensive review of the literature dealing with clinical and other obset 
vations of the size of the heart in the presence of anenna 

From the teleoroentgenograms, It will be observed that early changes 
were much greater that later ones. The early ones are attributable to 
the rapid decrease of the anemia, the later possibly to the regimen ot 
rest. It was thought that the shape of the heart in either of the first 
two photographs might be due to a pericardial effusion, which dis 
appeared, like the fluid elsewhere in the body, during the period of 
recovery of the heart. 

The increase in the amplitude of the waves m the electrocardiograms 
was interpreted as due to improved oxygenation of the myocardium 

The edema has a complex origin, It 1s directly referable to the 
failing heart, to the impoverished kidneys in the presence of the detec 
tive circulation and to the deficiency of the plasma proteins secondary 
to the loss of blood plasma. Through clinical and animal experimental 
investigation it has been demonstrated by Leiter.? Barker and Wirk, 
Bruckmann and Peters.’ Frisch, Mendel and Peters *’ and Bennett, 
Dodds and Robertson * that edema may occur ¢ xclusively in the pres 
ence of diminished plasma proteins. The rapid loss of edema and body 
weight (as indicated by fig. 2) may be due predominantly to replace 
ment of the plasma protein as a result of the transfusions 

Since the heart had preexistent anatomic lesions, it was all the more 
sensitive to the effects of diminished hemoglobin and proteim contents 
of the blood. 

Other factors that may have influenced the illness of the patient were 
the severe infections about the teeth and the extensive suppuration ot} 
the tumor. 

CONCLUSIONS 


ure, edema 


1. The case of a patient with severe anemia, heart fail 
and fibromyoma of the uterus Is reported, together with graphic repre 
sentations of the changes in the hematologic and chemical conditions 
of the blood and teleoroentgenograms and electrocardiograms 


37. Leiter, | Experimental Edema, Proc. 5« Exper. Biol. & Med. 26:17 
(Oct.) 1928: Experimental Nephrotic Edema, Arcl Int. Med. 48:1 ( Aug.) 1931 

38. Barker, M. H., and Kirk, E. J.: I <perimental Edema (Nephros i! 
Dogs in Relation to Edema of Renal Ortgin in Patients, Arch. Int. Med. 45:219 
(March) 1930. 

39. Bruckmann, F. S., and Peters, J. P.: The Plasma Proteins in Relation t 
Blood Hydration, J. Clin. Investigation 8:591 (June) 1930 

40. Frisch, R. A.: Mendel, L. B., and Peters, J P.: The Production of Edema 


and Serum Protein Deficiency in White Rats hv Low Protein Diets, J. Biol. Chen 
84:167 (Oct.) 1929 

41. Bennett, T. I.; Dodds, E. C., and Robertson, J. D Plasma Protein | 
with Edema but Without Proteinuria, Lancet 2:1006 (Nov. 5) 1930 
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2. It is shown that the heart failure disappeared rapidly and near! 


completely as the result of the abolition of the anemia by transfusion 
and operation. 

3. The anemia, through its injurious effects on the heart muscl 
causes compensatory changes in the heart, namely, an increased output 
per minute and dilation of the cavities, and later, as the cardiac resery: 
is exceeded, complete myocardial insufficiency. 

4. The importance of the deficiency in plasma proteins in relation to 
the causation of edema is indicated. 

5. Various views of the nature and cause of heart disease found i1 
association with fibromyoma of the uterus are briefly discussed. 

6. There exists no proof that fibromyoma of the uterus can directly 
injure the heart. 

Dr. L. Leiter, Dr. F. L. Adair and Dr. J. C. P. Fearrington assisted in the 
preparation of this paper. 
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HYPERPARATHYROIDISM WITHOUT PARATHY RTD 
TUMOR 


REPORT OF A _ CASI IMPROVED BY PARTIAL PARATHYROIDECTOMY 


LEWIS H. HITZROT, M.D 
AND 


BERNARD COMRO! M.D 


Phe patient whose clinical record follows presented certam teatures 
that have recently been grouped tovethie roi tive syndrome ot hyper 
parathyvroidism. She came under observation bedridden because ot pain 
in the bones and muscular weakness. [Examination disclosed extensive 


decalcification of the skeleton and an abnormally high blood calerum 


with excessive daily calcium output. Parathyroid tumor was searched 
for and none found. Removal of one apparently normal parathyroid 
gland produced no change im the symptoms or laboratory findings 
When the surgeon, however, subsequently excised two similar 
anatomically normal glands on the opposite side, symptomatic improve 
ment and a remarkable recalcification of the skeleton followed. The 
patient developed tetany postoperatively, which, however, gradually 
became more and more easily controlled, so that, twenty-two weeks atter 
entry, she could be discharged competent to reenter her household 
routine. It is to emphasize the clinical significance of hyperpara 
thyroidism without tumor that this case is being reported 

A brief résumé of the evolution of present knowledge of hyper 
parathyroidism is necessary in introducing this record. “Thi relationship 
between the parathyroid glands, calerum metabolism and patholog1 
conditions of bone has been proved within the last six vears. Previous 
to 1925, the physiology of parathyroid tissue being obscure, medical 
science approached the syndrome now recognized as hyperparathyroidism 
by describing merely its end-results. .\ pathologic entity known as 
generalized osteitis tibrosa cystica had been observed from time to time 


thirty vears after von Recklinghausen ' had originally deseribed it 


Read before the Section on Medicine of the College of Physicians of Phila 
Iphia, Oct. 26, 1931. 
From the Medical Clinic of the Hospital, and the Metabolic Section of the 


Villiam Pepper Laboratory of Clinical Medicine, of the University of Pennsylvani 


1. von Recklinghausen, F Ueber Ostitis, Osteomalacie und Osteoplastiche 


Carcinose, Festchrift. Rudolph Virchow, zu seinem 71 Geburtstage, Berlin, G 
imer, 1891. 
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Mention of coincident parathyroid tumor was made occasionally 
the pathologic reports of osteitis fibrosa, but its significance was 1m 
suspected. Experimental study of the glands was devoted almost 
exclusively to the effects of extirpation. The complex calcium an 
phosphorus metabolism through which the parathyroid dyscrasia 
influenced the skeleton was unknown. 

In 1925 the results of three important attacks on the problem begat 
to appear. Collip? announced the discovery of the parathyror 
homone and the preparation of a potent extract. This made experi 
mental study of parathyroid activity possible. Mandl* of Vienna 
prov ed the etiologic relationship of the glands to osteitis fibrosa ecystica 


ic 


He implanted parathyroid tissue in a patient who had osteitis, ma 
him worse thereby, then removed the implant plus a parathyroid 
adenoma and cured his patient. Finally, \ub and_ his co-workers | 
were prosecuting a series of studies in mineral metabolism which have 
established the links by which the glands and the skeletal changes are 
related. 

Clinical hyperparathyroidism, in the light of present knowledge, may 
tentatively be divided into two types, the primary, with benign or, 
rarely, malignant tumor of the parathyroid gland, and the secondary, 
with functional hyperactivity and at times glandular hyperplasia. In 
the former case. the high serum calcium, negative calcium balance and 
decalcification of bone result as the number of active parathyroid cells 


increases. In the latter type. the etiology is not entirely clear. Hyper- 


activity is thought, however, to follow a prolonged low intake of 
calcium, in which the glands, to keep blood values normal, progressively 


remove calcium from the storehouses in the bones. The depletion ot 


the bones may go on, as a result of this overes mmpensation, long after 
the actual need for the stored calcium has passed. When the para 
thyroid glands have failed to revert to normal activity and cortical as 
well as spongy bone has become greatly decalcified, symptoms appear 
The majority of reported cases of hyperparathyroidisn 
well advanced when they reached competent medical hands 


less. wide variations in the roentgenologic picture ot bone 


the two factors of duration and 


i 
j 
q 
j 
lent chiefly on iii decree of 
found, dependent chietiv on g 
‘landular hvperactivitv. It is thus clear that one must now consid 
2. Collip, J. B Extraction of a Parathyrotd Hormone Which Will Prevent 
cr ntrol Parathvr id Tetanv and \W ich Neguilates the Levei tT Lak 
Biol. Chem. 63:395, 192: 
: 3. Mandl, F Therapeutischer Versuch bei einem Falle von Ostitis fibros 
reneralisata mittels Extirpation eines Epithelkorperchentumors, Zentratbi, 1. Cnit 
; 4. Albright, F.: Bauer, W.: Ropes, M.. and Aub, J. C Studies of Calcrun 
and Phosphorus Metabolism. J. Clin. Investigat eck. 192 
¢ 
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teitis fibrosa cystica generalisata as one manifesation of the late stage 
an endocrine-metabolic disease. 

The treatment of the primary form of hyperparathyroidism 1s 
urgical removal of the tumor. In the six years that have followed 
\andl's pioneer operation, successful results following exctsion of the 
tumor have been reported in sufficient number to establish the operation 
rinly. 

On the other hand, reports of therapeutic removal of parathyroid 
tissue when no tumor is found are scarce. Richardson,” operating on 
the patient with osteitis studied by DuBois and co-workers “and 
Bauer et al.,? made adequate search of the parathyroid bed. He found 
no tumor, and thereupon removed two normal-appearing glands. There 
resulted some symptomatic but no metabolic benefit im what was a tar 
advanced case. Dresser and Hampton * recently reported the therapeutic 
removal of two normal parathyroid glands without benefit to the patient 
One cannot be certain from the report, however, that the whole para 
thyroid region was examined at operation for possible tumor. It ts 
possible, furthermore, that in both these mstances excision of a third 
eland would have brought the desired result. Leriche,” of Strasbourg, 
finding hypercalcemia in certain cases of ankylosing Ivarthritis, 
removed in each case an apparently normal parathyroid gland with 
symptomatic benefit to the patient. 

Only Ballin and Morse,'" very recently, have removed normal glands 
in hyperparathyroidism with clinical success. .\s in the case presented 
here, hyperplasia could not be detected by ordinary histologic examina 
tion, 

REPORT OF CASI 

History.—E. L., an Italian widow of 42 years, entered the medical clinic of the 

Hospital of the University of Pennsylvania on Feb. 2, 1931, complaiming ot v cak 


ness and aching pain in the bones. The patient had been obese since childhoe 


but up to the present illness of the past four years had always considered herself 


5. Richardson, E. P.; Aub, J. C., and Bauer, W Parathyroidectomy 
Osteomalacia, Ann. Surg. 90:730, 1929 
6. Harmon, E. E.: Shorr, E.; McClellan, W. S., and DuBois, E. F \ Case 


Osteitis Fibrosa Cystica (Osteomalacia?) with Evidence of Hyperactivity ot 
Parathyroid Bodies, J. Clin. Investigation 8:215, 1930 
7. Bauer, W.: Albright, F., and Aub, J. ¢ \ Case of Osteitis Fibrosa 
Cystica (Osteomalacia?) with Evidence of Hyperactivity of the Parathyroid 
dies: Metabolic Study II, J. Clin. Investigation 8:229, 1930 
8. Dresser, R., and Hampton, A. O.: Osteitis Fibrosa Cystica Generalisata 
h Hyperparathyroidism as Etiology, Am. J. Roentgenol. 25:739, 1931 
9. Leriche, R., and Jung, A.: Position actuelle du probleme de la polyarthrite 
nkylosante et de son traitement par les opérations parathyroidienne s, Lvon chir 


28:408, 1931. 
10. Ballin, M.. and Morse, P. F.: Parathyroidism, Am. J. Surg. 12:403, 1931; 
‘arathyroidism and Parathvroidectomy, Ann. Surg. 94:592, 1931 
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healthy. There was evidence that her diet for many years had been deficient 
4 respect to calcium-containing foods and the fat-soluble vitamins, in that she | 
shunned milk, butter, cream and cheese, and had eaten little fish, meat, eggs 
iruit. Her diet had consisted mainly of starches and vegetables. Five ot s 
pregnancies had ended in miscarriage (induced?). The second pregnancy we 
to term. The last miscarriage had occurred six years before entry, two years bet 
the onset of the pain in the bones. No other factor in the past history suggest 
q syphilis, and the Wassermann reactions of the blood at various times recently ha 
j all been negative 
‘ At the onset of her illness, the patient was living the usual life of a housew 


in marginal circumstances in a small New Jersey town. Her husband and 


child were well. There was no mental or physical strain The onset was « 
> 2 20 5 20 5 20 
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dently gradua \ dull, ache began in the legs and progressed til t 
patient hobbled about bearing as much weight as possible on her hands by taking 
hold of chairs, tables, etc., as she walked. Several weeks before entry she became 
bedridden. During the latter period, motion produced ¢ nsiderable pain, pt 
localized, in any of the bones moved. There was also increasing weakness 
The discomtort had led the patient, one the cl cs acquaint 
with her, to another hospital, where roentgen phic dy of several bones w 
made I t n the light of the prese f the case, show defnit 
generalized osteoporosis; at the time, they were ¢ sidered to be imperfect t $ 
and no diagnosis was made. In November, 1930, ten weeks before entry, a se 
set of films showed, in addition, irregular areas of extreme decaicincation, whic 
Dr. Howard Curtis of Moorestown, N. J., the patient's physician, to reter er to 


the University Hospital for study. 


HITZROT-COMROE—H } PERPARATHY ROIDISM | 


Physical Examination. Examination on entry she wed a short bese Italian 


man in considerable discomfort on motion ever while in bed. Her family and 


friends readily agreed that she had grown shorter during her illness (Cas evide need 


hy the flattening of the vertebrae shown in the roentgenographic films) Phere 
was no kyphosis, however, n abnormal bowing of the long bones o evidence 
of fracture. The muscles in gene ral were hypoton There was moderate tet 
derness to pressure over the long bones. The teeth were im gor d condition 


No abnormality could be made out 1m the region of the thyroid gland, w 


was barely palpable. The electri al reactions of the muscles reached the highest 


Fig. 2.—Roentgenographic appearance of the pelvis on admission. Note the 
transparency of the bone, the areas of extreme decalcification in the tha and the 


narrowing of the bodies of the vertebrae 


normal limit, but they were not pathologically prolonged. Otherwise the physica 


examination showed normal conditions. 


Laboratory Findings.—The results of routine examination of the blood and 


urine were normal. The result of the test for Bence-Jones protein in the urime 
was negative. The basal metabolic rate was + 11. which is within normal limits 
The figures for blood serum calcium and inorgani phosphorus, on the other hand 
are noteworthy. The serum calcium, by the modified 1 isdall method,!! was dis 

11. Clark, E. P., and Collip, J. B \ Study of the Tisdall Method for thi 


Determination of Blood Serum Calcium, with a Suggested Modification, J. Biol 


Chem. 63:461, 1925 
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Fig. 3—Biopsy of the x 18. The loss 
ions, gives a spongy rather 
than a Mme to the bone. Compare the normal cortex shown in 
figure 4. 
“SEY 
hy 
Fig. 4—Normal cortex of tibia: Mallory connective tissue stain 1s 


Fig. 5—Biopsy of tibia; iron-hematoxylin stain; > 59 Porous bene, with 
encroaching fatty marrow. There is an increased amount of osteoid tissue, de void 
of calcium; practically no cellular activity, either of osteoblasts or osteoclasts, 1S 
seen. A few small foci of fibrosis m the marrow are found in study ot the sections 


Occasional large wandering cells are to he found. Compare the normal cortex 


shown in figure 6. 


ig. 6—Normal cortex of tibia; hematoxylin-eosin 
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tinctly elevated 


The patient 
itake approx 
o 0.410 Gm 
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} 2? 1 } syter n rat 
HE st 12.7 and 13.2 mg. per hundred cubic centimeters on two separat 
days. The blood phosphorus, determined by the method of Fiske and Subbarow,'- 
was moderately lowered to 3.3 mg. per hundred cubic centimeters 
i ating calcium-containing foods, but « 
in calcium daily, the urinary calciur 
q } normal for tt 
in t . a tigure above normal tor that intake 
and indicating a negative balance. The figures tor serum protein tell within th 
A normal range Variations in the significant laboratory data are indicated 
ngzure 
4 Roentges Report The films of the patient’s skeleton were examined | 
j Dr. H. kK. Panceast and members of his staff with considerable terest The 
d were not typical of the usual roentgenograms ot bone changes in generalized oste 
q tis tibrosa cystica, probabl because they were not t the advanced stage 1 he 
; did show, however, rarefaction of all bones and narrowing ot the vertebral bodes 
Lhere were multiple areas t localized extreme raretaction in the peivis, rignt 
femur and right humerus (fig. 2 Films of the urinarv tract were negative for 
} 
La 
q ff surg il treatment was not stituted at nce instea the 
effects of a diet high in calcium and high in phosphorus 75 at 350 Gn + 
respectively qd liver ou and ne therapy were tried for ne n ere Was 
net the slightest improvement in symptoms or 1 aboratory findings | patient 
3 was then transterred to the service { Dr. Charles H. Fra . Ww ex ed t 
i region of the right parathyroid glands, found nothing abnormal, and removed the 
; parathyroid body at the wer pole The gland was normal size al : g 
structure The operation failed to alter the symptoms or the ngures tor calcrut 
q nd 9) nd nother mont the r ntoennl ¢ the es 
} and at the end t the roentg pictu 
unchanged 
Five weeks after the first peratior the s¢ nad parathyr ecto Vas ne 
Dr. Henry F. Ulrich, assistant to Dr. Frazier, removed the lett e of the thyr 
gland in order to make certain of securing the parathyroid glands, w t 
On the third postoperative da tetany developed, as is not unusua n § 
procedures. The serum calcium, w h had been 13.8 me. per hundre : PEAS 
eters Ist De erat Was dete ea the st 
me. per hundred cubic centimeters. a: tetanic jew The revit 
q trol the tetanv included large lailv doses I alcium lactate tron ] t os 
j Pn calcium chloride in 1 Gm. doses given intravenously. as the attack develope 
ippiementea Dv Ca 1m giuconate in Goses of Irom to o given intraver 
r intramuscularly, and Collip’s parathyroid extract (Parathormone-Lilly) in 2 
nit ses, intramuscularly, about every second day The diet high in calcnm 
and in Tus Was ntinuead, ang the patent was given ster 4 
The roentgenograms of the bones three weeks after operation remaine 
ange pss t the cortex of the meght tima was made in a region 
this bone niirmed the diagnosis of osteoporosis, in a stage. probably, betore 
g ralized fibrosis i taken the place of the calcium-tree bone matrix (ngs 


The patient began to improve symptomatically trom his point. She gradually 


needed Jess and less intravenous and intramuscular calcium and parathyroid extract 


, control the tetany. Two months after operation she was pra tically free trom 
nain in the bones, felt stronger, and gradually began to move about, first im a 
chair and then on her feet 

More significant than all other indications of betterment, however, were the 
roentgenographic films, which, nine weeks after operation, showed detimite 
increase in deposit of lime throughout; the architecture of the bones was more 
distinct (fig. 7). The figures for blood calcium and phosphorus were now within 
normal limits. 9.8 and 4 mg. per hundred cubic centimeters, respectively. Inet 


dentally, the basal metabolic rate did not fall as a result of the extirpation of one 


lobe of the thyroid gland. 


Fig. 7—Appearance of pelvic bones on June 16, nine weeks after parathyroid- 
ectomy. The shadow is generally darker; the irregular rarefied areas have dis 
appeared. 


Calcium medication now consisted of the lactate, an average of 20 Gm. daily 


by mouth, 2 Gm. of the chloride by mouth, and parathormone in 20 unit doses 
twice weekly. 

The patient was discharged to her home on July 14, 1931, five and one-half 
months after entry, walking about without discomfort except for moderate lumbar 
pain, probably due to functional strain. She paid a follow-up visit to the ward 
in September, five months after operation. Further calcification of the skeleton 
was reported, the blood calcium and phosphorus were within normal limits, and 
the patient’s calcium balance was positive. She remained free from tetany on a 


daily regimen of 15 Gm. of calcium lactate and 2 Gm. of the chloride by mouth 
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COMMENT 

Certain points of the record merit emphasis as illustrating the varia 
bility in the picture of hyperparathyroidism. 

It is not known why this woman, whose childhood and youth wer: 
evidently normal, and whose adult life varied little from the ordinary, 
should develop at 40 an extensive osteoporosis. The recognized causes 
of osteoporosis were not operative, except perhaps a long-standing, mild 
dietary deficiency in foods high in calcium and vitamins A and D. 
One may speculate that the deficiency may have led to gradual over- 
function of the parathyroid glands as they undertook to supply the 
body’s calcium needs from the reservoirs in the bones. Marine ** and 
Luce '* demonstrated that a diet low in calcium will cause hyperplasia 
of the parathyroid glands in animals. 

The three parathyroid glands that were removed showed no varia- 
tion from the normal, by present criteria of judgment. In this connec 
tion one must keep in mind, however, that the size of the parathyroid 
gland varies considerably, and, as all observers agree, minor grades of 
hyperplasia may exist without being demonstrable by ordinary methods 
It is not uncommon, moreover, in similar organs, for functional 
dyscrasia to exist without recognizable anatomic change; this may well 
occur in the parathyroid gland. 

Decalcification here, as in other reported cases, was evidently slow 
The symptoms, however, were more distressing than those usually 
found. That fact led to earlier hospitalization and treatment before 
decalcification had reached the stage of deformities and fractures. 

The facts that removal of one parathyroid body had no effect on the 
symptoms and that all three glands were similar in size and structure 
suggest that all were equally involved. It was known that at least one 
parathyroid gland remained in situ after operation, and that in accor- 
dance with clinical and experimental evidence,** if tetany ensued, the 
remaining tissue would in time develop at least partial compensatory 
power. From the favorable course of the symptoms of tetany there 1s 


every reason to suspect that this occurred in the present instance. 


The thought may arise that excision of a portion of the thyroid 
gland, rather than the parathvroidectomy, may have been responsible 
for the favorable result, for osteoporosis has been observed in certain 

13. Marine, D Parathyroid Hypertrophy and Hyperplasia in Fowls, Prov 
Soc. Exper. Biol. & Med. 11:117, 1913 

14. Luce, E. M.: The Size of the Parathyroids of Rats and the Effect of 
Diet Deficiency of Calcium, J. Path. & Bact. 26:200, 1923. 

15. Tanberg, A.: The Relation Between the Thyroid and Parathyroid Glands 
J. Exper. Med. 24:547, 1916. Guy, C. E.: Adenoma of the Parathyroid, Arch 
Path. 3:352 (Feb.) 1927. 
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cases of hyperthyroidism by ub and his co-workers “ and others. All 


the available evidence, however, indicates that changes the 


bones occult 
only in long-standing hyperthyroidism, which this patient certainly did 
not have. Furthermore, hyperthyroidism increases calcium output, but 
does not alter the calcium content of the blood. The serum caletum here 
was consistently high, and subsequent restoration of bone was demon 


strably associated with the lowering of that figure 


SUMMARY 


The foregoing clinical record represents a moderately advanced state 
of hyperparathyroidism in which medical measures failed to bring rehet 
Pain in the bones and extensive decalcification were prominent symp 
toms and led to hospitalization before the advanced skel tal disease, with 
fibrosis and cystic degeneration, had developed. There was no para 
thyroid tumor. 

Surgical excision of one parathyroid body was of no apparent 
benefit. Subsequent removal of two of the remaining parathyrord 
bodies brought about a dramatic fall of the blood calcium, with tetany 
As the severity of the tetany subsided there developed a remarkable 
recalcification of the diseased bone, progressing in five months to an 
essentially normal roentgenographic picture of the skeleton. 

The result that followed removal of the three parathyroid glands lett 
no doubt that in them lay the cause of the patient's illness Hyperplasia 
was not demonstrable. 

The course of this patient's illness indicates that, when clinical find 
ings signify overactive parathyroid glands, surgical removal of con 
siderable parathyroid gland tissue is justified, even though the operator 


sees no gross evidence ot abnormality therein 

16. Aub, J. C.; Bauer, W.; Heath, C., and Ropes, M Studies of Cal 
and Phosphorus Metabolism: III. The Effects of the Thyroid Hormone and Thy 
roid Disease, J. Clin. Investigation 7:97, 1929 
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RELATIONS BETWEEN PRIMARY HYPOCHROMIC 
ANEMIA AND CHLOROSIS 


ARTHUR L. BLOOMFIELD, M.D 


SAN FRANCISCO 


Under the designation of hypochromic anemia? (primary, micro 
eytic, idiopathic, achylic) there have appeared in the recent literature 
a number of reports. They concern themselves with a disorder featured 
by an anemia with a low color index and small erythrocytes, and usu 
ally by gastric anacidity, which occurs almost exclusively in women in 
from the third to the hith decade. The implication of most of the cur 
rent writings 1s to the etfect that this syndrome is a specific disease : 
some authors ( Witts,’ Dameshek,* Mills ° and Vanderhoof and Davis") 
have definitely stated that such is their belief. Furthermore, although 
this is admitted to be a chlorotic type of anemia, it 1s usually claimed 
that it is not chlorosis but rather an entirely distinct entity. That chlo- 
rosis, So common in the practice of physicians a generation ago, should 
have vanished and that a new type of chlorotic anemia should have 
appeared is a question of sufficient interest to justify critical discussion, 
and my present purpose is not primarily to add further case reports 
to the literature of “hypochromic anemia,” already well documented, 
but to analyze the evidence bearing on its claims to definite identity as 
well as on its relation to the disease chlorosis. 


IS THE “HYPOCHROMIC ANEMIA” OF CURRENT WRITERS A 
DEFINITE DISEASE? 

Most of the recent reports trace the genesis of hypochromic anemia 
as a distinct entity to the work of Faber and of Faber and Gram,’ who 
emphasized the frequent occurrence of anemia with a low color index 
From the Department of Medicine, Stanford University School of Medicine 

1 ce *, the condition will be 
referred to as “hypochromic anemia.” 

2. Waugh, T. R.: Hypochromic Anemia with Achlorhydria, Arch. Int. Med 
47:71 (Jan.) 1931. 

3. Witts, L. J Simple Achlorhydric Anemia, Guy's Hosp. Rep. 10: 

4. Dameshek, W Primary Hypochromic Anemia, Am. J. M. Sc. 


Idiopathic Hypochromemia, Am. J. M. Sc. 182:554, 1931 
. and Davis, D.: Anemia of the Microcytic Type in Middle- 
A. Am. Physicians 46:284, 1931 
7. Faber, K., and Gram, H. C.: Relations Between Gastric Achylia and Simpl: 


and Pernicious Anemia. Arch. Int. Med. 34:658 ( Nov.) 1924 
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in patients with gastric anacidity. There was nothing in Faber and 


Gram’s paper, however, to indicate that they regarded this anemia as 
anything more than a “complication” of achylia; they pointed out that 
it was of a benign character, although it tended to recur, and that the 
response to an iron preparation was satisfactory. Without reviewing 
in detail the numerous subsequent studies that have culminated in the 
recent concept of hypochromic anemia as a distinct disease, the features 
of the condition about which all writers agree may now be summarized : 


1. The disorder occurs almost exclusively in women 

2. It is essentially a disease of middle life (from 30 to 50 years) 

3. It is a mild chronic or relapsing disorder which does not directly lead to a 
iatal outcome. 

4. Symptoms, if present, are those of general lack of well-being and such non- 
specific disturbances as come with any anemia. The patients are usually not 
physically fit.” 

5. The pallor is “white,” and there is no icterus as in addisonian anemia 

6. Gastric anacidity is characteristic. 

7. The blood shows an anemia with small cells and a relatively marked decrease 
in hemoglobin, and color indexes of 0.6 or lower are the rule 

8. Megaloblasts are not present. 

%. There is no hyperbilirubinemia. 

10. The bone marrow is hyperplastic and is crowded with normal erythroblasts 
and normoblasts (Dameshek ). 

11. There is no demonstrable external cause, such as bleeding from abnormal 
sources. 

12. There is no improvement after the ingestion of liver, but the administration 
of iron or of iron and copper preparations is followed by a rapid increase in the 
hemoglobin and cell count. 


But no sooner has one laid down these criteria than exceptions and 
variations begin to appear in great numbers. The condition is not 
confined to women. Dameshek,' for example, among his seven cases 
reported an instance in a man of 29 years who, without demonstrable 
cause, had a severe anemia of the type under discussion. The hemo 
globin was 42 per cent, the erythrocytes were 3,470,000, and the average 
red blood cell diameter was 6.14 microns. There was a prompt respons« 
to an iron preparation after liver had failed. The only atypical feature 
was the presence of free hydrochloric acid in the gastric secretion 
Witts * also reported a case in a man, and I studied a young Japanese 
who had the trouble in typical form, including gastric anacidity after 
histamine. The disorder is not confined to middle age but may occur 
in young people. In Dameshek’s case 3 a woman aged 23 years “had 
been more or less pale since infancy and had never been strong.” In 
Mills’ ® case 8 the patient was 26 years old and had been anemic for 
ten years. In his case 1 the patient, although 40 years of age at the 
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time of the study, said she had “always” been anemic. In MeCann’s ° 
case 1 the patient complained of “perpetual fatigue and pallor.” “These 
symptoms dated from early childhood.” MeCann’s case 3 was that o/ 
a young woman of 19 years. “For five years she was notably pale.” 


There are also some aberrations in the physical findings. A number oi 
patients are reported to have had papillary atrophy of the tongue, and 
this has been so twice in our own experience. In other reports ( McCann 
and Dye*) splenomegaly has been stressed as a feature. All sorts of 
complicating disorders, infections and disabilities are described in vari 
ous cases. Gastric anacidity is not constant, and even without the crucial 
histamine test a number of cases have been described in which free 
hydrochloric acid was present ( Mills,’ Dameshek * and Vanderhoof and 
Davis"). [T have also studied a condition otherwise indistinguishabk 
from the disorder under discussion except for the presence of normal 
gastric acidity. The statement commonly made that there has been no 
loss of blood must always be open to question when women are con- 
cerned. Such notes as “she developed increased menstrual flow, and at 
times would flow between periods” ( Dameshek,* case 1) are not uncom- 
mon, and even though the patient regards the flow as normal, she often 
has no valid standard of comparison. 

A consideration of the preceding analysis would seem to make it 
clear that the “characteristic” features of hypochromic anemia are sub 
ject to so many exceptions that the greatest caution must be used in 
setting up this disorder as a specific disease. In support of this point 
of view | wish to quote my experience which includes, in addition to 
cases of the “typical hypochromic anemia” of current writers, patients 
who illustrate the following variations : 

1. Patients with unexplained gastric anacidity in perfect health and 
with normal blood. 

2. Patients with unexplained gastric anacidity with all degrees of 
anemia (hypochromic), showing a gradation from a normal count to 
outspoken deficiency. 

3. Patients with severe anemia of the type under consideration but 
with slight degrees of gastric acidity. 

4. Patients with severe anemia of the type under consideration but 
with normal gastric acidity. 

The following cases illustrate these various types. 

Cast 1—lUnerplained gastric anacidity in a woman of 26 years without 

Mrs. N. D. (case 199503), aged 26, a housewife, entered the clinic because of a 
variety of minor complaints. The family and past histories were not remarkable, 
although at times she had vague indigestion with gas. There was no special 


8 McCann, W. S., and Dye, J.:  Chlorotic Anemia with Achlorhydria, 
Splenomegaly and Small Corpuscular Diameters, Ann. Int. Med. 4:918, 1931. 
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On examination she looked well and weighed 120 pounds 


menstrual abnormality. 
The stools were normal, 


(54.4 Kg.). There were no abnormal physical findings. 
as were gastro-intestinal roentgenograms, but gastric analysis (histamine) yielded 
only small amounts of mucus with no free hydrochloric acid. Study of the blood 
showed: red blood cells, 5,000,000; hemoglobin, 15.48 Gm. or 90.3 per cent (Sahl) ; 
color index, 0.9; white blood cells, 14,250; polymorphonuclears, 77 per cent; 
cosinophils, 1 per cent; basophils, 2 per cent; lymphocytes, 15 per cent; monocytes, 
5 per cent; platelets, 440,000; reticulocytes, 1.2 per cent; average red cell 


diameter, 7.65 microns; smear, normal. 


Comment.—This case is presented to emphasize one end of the 
series in contrast to the next group which will illustrate, in patients 
with anacidity, the gradual transition from normal blood to the out- 
spoken syndrome of hypochromic anemia. 


Cases of Unexplained Anacidity with Various Degrees of Anemia 


Red Blood Hemo 
Cells, globin, Color 
Patient Age Sex Millions per Cent Index 
Ww 0.9 Vague general complaints 
Clinical diagnosis: psychoneurusi- 
74 O.s7 =©Mild indigestion for years 
69 Os Nervous breakdown 
00 09 Chronie arthritis 
43 0.63 Nervous breakdown: menstrual flow 
scanty; some recent hemorrhoida! 
bleeding 
Excessive uterine bleeding for two 
years 


Case Comment 


GRADATIONS OF ANEMIA IN PATIENTS WITH GASTRIC ANACIDITY 


Every grade of anemia may be associated with gastric anacidity, 
and to illustrate this point the following cases have been selected from 
the files (table). The anacidity in every instance was classified as 
“unexplained”; * that is, it was an incidental finding in patients who 
had no evidence of either pernicious anemia or cancer of the stomach. 
Transitions from normal blood (patient D.) to outspoken anemia of 
the “hypochromic” type of which case A10982 is a typical instance are 
shown. It would serve no purpose to add to the literature more cases 
of typical hypochromic anemia, but the following instance in a young 
man seems worthy of record. 


Case 2.—Sei hypochromtc anemia in a man of 29 years without evidences 
of loss of blood. 

M. T. (case A 17347), a Japanese farm laborer, aged 29, entered the hospital 
with the complaint of weakness. The past history yielded no explanation for an 
anemic state; there had been no loss of blood, and the diet appeared adequate. For 
several years there had been increasing loss of weight and weakness. There were 


9. Polland, W. S., and Bloomfield, A. L.: Unexplained Anacidity, Arch. Int 
Med. 48:412 (Sept.) 1931. 
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no digestive symptoms. Examination revealed a small, well muscled man who dx 
not appear very ill. There was marked pallor without any suggestion of icterus 
The tongue was normal, the spleen was not palpable and there were no propriocep 
tive changes in the extremities. There were signs of an old inactive apical 
tuberculosis. 

The Wassermann reaction was negative and the icterus index 6; the histamine 
test for gastric secretion showed complete absence of free hydrochloride acid 
Roentgenograms of the gastro-intestinal tract were normal. Examination of the 
blood showed: red blood cells, 4,640,000; hemoglobin, 51.7 per cent (8.8 Gm. per 


hundred cubic centimeters ) ; color index, 0.56; cell volume, 29; volume index, 0.732 
white blood cells, 9,370; polymorphonuclears, young forms, 12 per cent and 
segmented forms, 66 per cent; eosinophils, 2 per cent; lymphocytes, 15 per cent 
monocytes, 5 per cent; platelets, 464,000; reticulocytes, 1.3 per cent. A smear 
showed marked anisocytosis and poikilocytosis, and polychromasia. No norm 
blasts or megaloblasts were seen. The red cells varied in size from 4.37 to 11.25 
microns, 


Course.—The patient improved rapidly on an iron preparation. — Fourteen days 
alter therapy was started, the blood showed: red blood cells, 5,000,000, and hemo 
globin, 75 per cent. The patient felt perfectly well. 


Comment.-Aside from age and sex this case is a typical instance: 
of hypochromic anemia. It illustrates well the futility of the rigid 
criteria that have been arbitrarily laid down in the recent literature 
Certainly the condition might with equal propriety be designated as 
“male chlorosis.” 


One may next turn to a different variant of the syndrome under 


discussion, namely, severe anemia of the hypochromic variety without 
gastric anacidity. 


Case 3.—Typtcal hypochromic anemia syndrome in a middle-aged woman wit 
subacidity but without anacidity. 

A woman (case A 4557), aged 45, entered the clinic with the complaint of 
weakness and palpitation. The past history was not remarkable except for the 
presence of hemorrhoids for years. There had been occasional slight bleeding fron 
the rectum, but no excessive menstrual flow. For several months she had noted 
increasing weakness, fatigability and shortness of breath on exertion. She had 
fainted several times after standing for a long time. She said that there had 
recently been an increase of the hemorrhoidal bleeding. On examination, aside 
from pallor, nothing remarkable was made out. There were some internal hemor 
rhoids which did not bleed at the time of the proctoscopy. 

The Wassermann reaction was negative, the icterus index 4.7, and after 
lustamine stimulation the highest gastric acidity attained was only 30 (total 
acidity), the average normal by this procedure being about 100. Roentgenogram- 
of the gastro-intestinal tract were normal. Examination of the blood showed: red 
blood cells, 3,790,000; hemoglobin, 6.9 Gm. per hundred cubic centimeters (40.5 
per cent) ; color index, 0.53; white blood cells, 7,260; polymorphonuclears, 70 per 
cent; basophils, 1 per cent; lymphocytes, 24 per cent; monocytes, 5 per cent 
platelets, 492,700; reticulocytes, 1.4 per cent. A smear revealed anisocytosis, poi 
kilocytosis and polychromasia 
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Comment.—The anemia in this case clearly seems to be due, in part 

t least, to bleeding from hemorrhoids. However, aside trom the pres 
ence of a small amount of acid in the gastric secretions, the picture that 
esulted is typical of hvpochromic anemia. 
\sE 4.—Typical hypochromic anemia 
istric secretion. 

Mrs. E. D. (case A 16698), a clerk, aged 38, entered the hospital with the « 
laint of weakness. The past history was unimportant except tor the tact 

sterectomy was done two years before for excessive menstrual bleeding 
ad had hemorrhoids to a slight degree for years, but had not noticed any special 
leeding. About a year before examination she began to feel weak. Sine 
vreat lassitude, palpitation and dyspnea on exertion had developed. E-xamun: 

owed nothing remarkable aside from pallor. Through the proctoscope one coul 
ee some internal hemorrhoids, which were not extensive; there was no bleeding at 
the time. 

The Wassermann reaction was negative, the stool showed no occult blood, and 
he histamine test revealed practically normal gastric secretion (highest acidity, 
83). Examination of the blood showed: red blood cells, 3,710,000; hemoglobin, 
4) per cent; color index, 0.54; white blood cells, 6,600; polymorphonuclears, 54 
per cent; eosinophils, 1 per cent; lymphocytes, 40 per cent; monocytes, 5 per cent 
\ smear revealed very pale red cells, with poikilocytosis and antsocytosis 

Course.—A hemorrhoidectomy was done, following which the patient was given 
large doses of iron and ammonium citrate with, later, the addition of 60 mg. ot 
copper sulphate daily. In seventeen days the hemoglobin was 84 per cent and the 
red cell count 5,270,000 and the patient felt perfectly well 


Comment.—Bleeding from hemorrhoids may have played a part in 
precipitating the anemia in this case, although as far as could be deter- 
mined the loss of blood was very slight. At any rate, aside from the 
normal gastric secretion, the picture was typical of hypochromic anenna 
and the characteristic response to iron and copper preparations was 
readily obtained. 

In summary, the foregoing cases illustrate that variations of all sorts 
from typical hypochromic anemia are encountered, and that they blend 
insensibly with this typical picture. One may find cases of gastric 
anacidity with the condition of the blood varying from normal to 
extreme anemia; one may find cases of severe hypochromic anemia with 
anacidity, subacidity or normal acidity. 

The preceding analysis and reports of cases seem to me incompatible 
with the concept of a specific disease, achylic hypochromic anemia 
It must be admitted that the combination of anacidity and anemia not 
uncommonly occurs in middle-aged women, but the vast majority of 
achylic women are not markedly anemic nor do all anemic women by 
any means have achylia. It seems as if some special concatenation 


of circumstances is necessary to produce the full blown syndrome, but 


until much more is known about iron storage and metabolism, as well 
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as the conditions governing blood formation and destruction, it wil 
serve no useful purpose to set up a definite disease on the basis 0) 
criteria to which so many and such obvious exceptions exist. 


IS THE HYPOCHROMIC ANEMIA SYNDROME RELATED 
TO CHLOROSIS? 


Most of the recent writers, with the exception of Adamson,” assert 
dogmatically that hypochromic anemia is entirely distinct from chlorosis 
The principal arguments that have been advanced are (1) that the 
former occurs in middle-aged women, whereas the latter is confined to 


young girls, (2) that the “green” color of chlorosis is not seen in hypo- 
chromic anemia, (3) that chlorosis is never associated with as sever¢ 
an anemia as is encountered in the “hypochromic” cases in adults and 
(4) that in chlorosis there is hyperacidity rather than anacidity. Some 
writers allege critical differences in symptomatology. 

Many older clinicians (in conversation) cling in an almost. senti- 
mental manner to the idea that chlorosis is a highly specific disease, 
stressing always the characteristic (greenish) facies, the occurrence 
in undernourished young women with menstrual disorders, and_ the 
response to iron preparations. Naegeli '' carried this to a naive extreme 
when, having arbitrarily laid down the dictum that chlorosis occurs onl) 
in women, he refused to accept identical cases in males because the) 
were in the wrong sex. It seems in order, then, to turn to the actual 
descriptions and records in the literature in the attempt to clarify the 
subject. 

Age.—In his masterly article on chlorosis Albutt '*? emphasized the 
fact that the onset is usually at or shortly after puberty. He believed, 
however, that the disease occurs in later life, in which case it “is to be 
regarded as a relapse.’ Osler '* also mentioned the occurrence of attacks 
in women of middle age. Witts,'* under the heading of “Late Chlo- 


rosis,” described a series of cases in women over 30 years old identical 


with his cases of hypochromic anemia except that acid was present in 
the gastric secretions. It appears, then, that as regards age, chlorosis 
and hypochromic anemia merge insensibly into one another. In the 
former the patient may have “relapses” in later life; with the latter 
the patients often give a story of anemia since childhood. 


10. Adamson, J. D.: Chronie Chlorosis, Canad. M. A. J. 24:793, 1931. 

11. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, ed. 5, Berlin, Julius 
Springer, 1931, p. 306. 

12. Albutt, T. C., in Albutt and Rolleston: System of Medicine, London, 
1909, vol. 5, p. 681. 

13. Osler, W., in Pepper, W.: An American Text Book of the Theory and 
Practice of Medicine, Philadelphia, W. B. Saunders Company, 1894, vol. 2, p. 196 

14. Witts, L. J.: Late Chlorosis, Guy’s Hosp. Rep. 11:205, 1931. 
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Sex —Occasional cases in boys and men indistinguishable from 
chlorosis are recognized by various writers (Albutt, Osler). The sub- 
ject was recently discussed by Witts.’* He reported five cases in young 
men under the heading of “male chlorosis.” The findings and the 
response to iron preparations are identical with those described im con 
nection with “typical hypochromic anemia.” It is of particular interest 
that both with hypochromic anemia in adults and with chlorosis, males 
are affected in about the same small proportion of cases, a fact which, 
if it has any significance, would tend rather to relate than to ditferen- 
tiate the two conditions. 

Symptoms.—It would serve no purpose to quote at length the actual 
descriptions of chlorosis as compared with hypochromic anemia. The 
reader can convince himself in a moment, by consulting Albutt '* and 
Osler,’® that the symptoms are identical. The evidences of anemia, 
weakness, breathlessness, palpitation and often digestive and menstrual 
disorders are stressed in both cases. One can find no point of distinction, 

The Green Color—Absence of the traditional green color of chlo- 
rosis is stressed by modern writers in differentiating chlorosis from 
hypochromic anemia. One wonders, however, whether this green color 
ever had any real existence. Certainly the contemporary accounts of a 
generation ago make no claim as to its constancy. “It must be borne 
in mind, however, that in many patients undoubtedly chlorotic this sign 
(the green color) may not be marked” (Osler,’* 1894). “Many of these 
patients bear in their features the classical sign of their malady, but not 
so all of them; not a few of them carry colour (chlorosis florida or 
rubra” —Albutt,’* 1909). Certainly the “green color” does not appear 
to be a sufficiently substantial poimt on which to base a fundamental 
differentiation of diseases, and one must remember that the so-called 
lemon yellow color of pernicious anemia stressed in the textbooks for 
years has assumed a somewhat mythical character, and at any rate is 
not seen nowadays. 

The Degree of Anemia—Another alleged point of differentiation 
between hypochromic anemia and chlorosis lies in the claim that the 
degree of anemia is less marked in the latter. This statement is not, 
however, supported by the facts. Osler '* referred to a case in Thayer's 
series in which the red blood count was 1,950,000 with 17.5 per cent 
hemoglobin. The average hemoglobin value in Thayer's sixty-three 
cases was 42.3 per cent, with an average red cell count of 4,090,000, 


and the fact of the matter, which is clearly brought out in the proto- 


cols in the literature, is that in both chlorosis and hypochromic anemia 
one may encounter slight, moderate or severe degrees of anemia. 
Furthermore, the morphology of the blood in chlorosis as described, 


15. Witts, L. J.: Chlorosis in Males, Guy’s Hosp. Rep. 10:417, 1930. 
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for example, by Osler '* is identical with the modern accounts of hyp 
chromic anemia: “If a drop of fresh blood be examined, the pallor ot 
the individual corpuscles is at once apparent. There may be 
poikilocytes, by which we mean deformed red globules assuming 
most curious flask-like, hammer-shaped, or pyriform appearance.” 
Gastric Secretion.—Witts and others insist on the gastric anacidit) 
of hypochromic anemia as an essential point in the differentiation 
this condition from chlorosis in which there is said to be an abundance 
of acid secretion in the stomach. I have already pointed out, however. 
that cases indistinguishable from hypochromic anemia but without 
anacidity not infrequently occur, and Witts.’* under the heading ot 
“Late Chlorosis,” reported a series of eighteen such cases arbitrari! 
separated from the anacidity group on the basis of their gastri 
secretion. As to chlorosis in the older sense, whereas the statement 1 
frequently made in textbooks that acid is present in abundance, actua 
data from individual cases are meager. The literature was reviewed 
by Arneth ** who pointed out that various workers have found eithet 


abundant acid, a low acid content or anacidity. It appears, theretore, 
that with both hypochromic anemia and with chlorosis any type 0! 
gastric secretion may be found. 

Response to Iron Preparations.—The response to iron preparations 
appears to be identical in both chlorosis and hypochromic anemi 
“Chlorosis is one of the few diseases of which the physician is a thera- 
peutic master. A few weeks’ administration of iron, together with an 
improved hygienic condition, usually suffice to restore a rudd) 
to the most pallid cheek” (Osler). Figure 8 in ¢ sler’s ** article, pic- 
turing the rise of blood in a case of chlorosis from 1,900,000 to 
5.100,000 after three weeks of iron therapy, is practically identical with 
many of the charts from recent papers on hypochromic anemia. 


COM MENT 


The first point that emerges from the preceding analysis 1s 
impossibility of differentiating “chlorosis” in > nineteenth century) 
sense from the hypochromic anemia of mode 
sex, symptoms, gastric analysis, hematologic examination 
to iron therapy offer any tangible criteria for separating the 


ler represents ¢ 


ditions. The next question is whether either disoré 


specific disease or whether the cases classed as chlorosis 


chromic anemia do not rather constitute a syndrome without 


characteristics he evidence seems overwhelmingly in 
latter view. That the syndrome manifests itselt predominant! 
16. Arneth, ] arallel laufende Magensaft- und Blut-Untersuchun 


hr. 32:660, 1906 
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luring the period from puberty to menopause is an unquestioned tact, 
and it seems reasonable, therefore, to suppose that menstruation is an 
important contributory cause. Granted that certain people have an 
abnormally feeble power of regenerating blood (whether this defective 
power is inherent or precipitated by inadequate diet or by other means ), 
such a tendency would obviously be unmasked by menstrual bleeding 
especially if excessive. Menstrual bleeding is doubtless not the only 
factor, and loss of blood from hemorrhoids and peptic ulcer has also 
heen stressed in the literature on chlorosis. The small number of cases 
of anemia of this general type in men is, then, probably to be explained 
by the absence of periodic losses of blood such as occur in women. 
Gastric anacidity can be fitted into the picture by invoking the obser 
vations of Mettier and Minot‘? that iron is better absorbed or at least 
more effective when the gastroduodenal medium is acid. At any rate, 
the whole situation offers a fertile field for careful studies of iron 
metabolism and of blood regeneration, which will doubtless lead to an 
eventual solution of the problem. 


CONCLUSIONS 


1. Chlorosis and idiopathic hypochromic anemia cannot be ditferen- 
tiated into independent entities. 

2. Neither is a specific disease, but the cases represent a syndrome 
with many variations. 


3. The frequency of these types of anemia in women is probably 
conditioned by menstrual bleeding. 

4+. An analysis of the literature and case reports bearing on these 
points are presented. 


17. Mettier, S. R., and Minot, G. R.: The Effect of Iron on Blood Formation 
as Influenced by Changing the Acidity of the Gastroduodenal Contents in Certain 
Cases of Anemia, Am. J. M. Sc. 18:25, 1931. 
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RELATION OF PAIN OF PEPTIC ULCER TO 
GASTRIC MOTILITY AND ACIDITY 


JACOB MEYER, M.D. 


DOROTHY FETTER, Px.D. 
AND 

ALFRED A. STRAUSS, M.D. 
CHICAGO 


The pain of peptic ulcer is usually ascribed to one of two causes: 
gastric acidity or gastric hunger contractions. Ginsburg, Tumpowsk) 
and Hamburger’ ascribed the pain of ulcer to the increased gastric 
tension and correlated the pain with gastric hunger contractions 
Carlson * also showed that the pain in ulcer was synchronous with 
hunger contractions. Reynolds and McClure * examined patients fluorp- 
scopically, and found no relation between the gastric contractions and 
the pain in ulcer. Ortmayer’s * observations related the pain to gastric 
acidity. Palmer *® studied the subject extensively and reported a deti- 
nite relation of gastric acidity to pain in gastric and duodenal ulcer. 
He found that the injection of 0.5 per cent hydrochloric acid into the 


stomach in patients with active sensitive ulcer usually produced the 
T 


characteristic pain. He later claimed this as a specific test for ulcer. In 
a small group of cases Palmer was able to show the relation of the 
pain to gastric hunger contraction. He concluded: “Hydrochloric acid 
is the normal stimulus to the pain-producing mechanism of sensitive 
peptic ulcers. Normal gastric peristalsis may be an adequate mechanical 

From the Stomach Study Group, Julius Rosenwald Grant, Michael Reese Hos- 
pital, and the Department of Physiology, University of Chicago 

1. Ginsburg, H.; Tumpowsky, |., and Hamburger, W. W 

Physiology of the Stomach: XXXV. The Newer Interpretation 

nin Chronic Ulcer, J. A. M. A. 67:990 (Sept. 30) 1916 

Carlson, A. ] Contribution to the Physiology of the Stomach 

Origin of Epigastric Pains in Cases of Gastric and Du 
Physiol. 45:81 (Dec.) 1917. 

3. Reynolds, L.. and McClure. C. W Motor Phenomena 
Normal Stomachs in the Presence of Peptic Ulcer and Its Pain, 
Fluoroscopically, Arch. Int. Med. 29:1 (Jan.) 1922 

4. Ortmayer, Marie: Gastric Motor Activity in Patients with Peptic 
Arch. Int. Med. $5:423 (April) 1925 

5. Palmer, Walter Lincoln: The Mechanism of Pain in Gastric and Du 
Uleers: I. Achlorhydria, Arch. Int. Med. 38:603 ( Nov.) 1926; IT. 
duction of Pain by Means of Chemical Irritants, ibid. 38:694 
The Role of Peristalsis and Spasm, ibid. 39:109 (Jan.) 1927. 
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stimulus in very sensitive ulcers. Hydrochloric acid may sensitize both 
the sensory and motor gastric mechanisms.” Previous observers ' 
ntroduced various amounts of hydrochloric acid into the stomach 
varying in strength from 0.5 to 2 per cent, but failed to produce pain 
in normal persons or in patients with ulcer. Hardt’ reported that the 
distress of ulcer could be relieved by 0.3 per cent hydrochloric¢ acid. 

Hardy * used Palmer's test, applying it to persons sutfering from 
epigastric pain regardless of the seat of the lesion. He reported a 
positive acid reaction in only 65 per cent of 155 cases of ulcer that he 
investigated. He also studied 73 patients in whom no local lesion was 
discovered. He reported a positive acid reaction in 45 per cent of these 
cases. His results show that the acid test is not specitic for ulcer. 

We studied epigastric pain in relation to gastric motility and gastric 
acidity in 22 patients; 12 of these had duodenal, and 2 gastric ulcer. 
Nine of this group were operated on. The diagnosis in all cases was 
made on the basis of history, symptoms, physical signs and_ positive 
roentgen observations. The & remaining cases consisted of 4 cases ot 


disease of the gallbladder and chronic appendicitis and 3 cases in which 


the final diagnosis was neurasthenia. (ne patient was studied who had 
a typical history of ulcer, but roentgen examination showed no pathologic 
condition of the digestive tract. and a satisfactory diagnosis was never 
reached. 

METHODS 

The patients selected for study were placed on a general ward diet. 
On this diet, the pain of the patient continued as before he entered the 
hospital. The following tests were then made : 

1. The acid test was performed according to Palmer's technic. This 
consists of preliminary aspiration of the contents of the stomach after a 
fast for at least twelve hours. Then 200 cc. of 0.5 per cent hydro 
chloric acid is introduced into the stomach. After half an hour, if the 
patient feels no pain, an additional 200 cc. of the acid is again mtro 
duced and the patient is observed for another half an hour. If he still 
feels no pain, the procedure is repeated a second time. If in the course 
of one and a half hours, with a total of 600 cc. of acid in the stomach, 
the patient feels no pain, the test is termed negative, but if at any time 
during the test the patient complains, the test is considered positive 
We controlled our tests by repeating them with water instead of acid 

6. Lowenthal: Berl. klin. Wehnschr. 29:1188, 1892. Schmidt, J. F Mitt 
a. d. Grenzgeb. d. Med. u. Chir. 19:278, 1909. Hurst, A. F.: The Sensibility of 
the Digestive Tract, London, H. Frowde, 1911. 

7. Hardt, L. L. J.: Pain in Active Pathologic Processes in Stomach or 
Duodenum, J. A. M. A. 70:837 (March 23) 1918. 

8. Hardy, J. L.: The Role of Hydrochloric Acid in the Causation of Gastri 
Pain, Lancet 1:711, 1929. 
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in those patients who reacted positively to the acid. This eliminated t! 
possibility of the production of pain by the accumulation of a volum 
of fluid in the stomach. 

2. In cases of duodenal ulcer a further test was performed by 
injecting acid directly into the duodenum; 50 cc. of 0.5 per cent hydr 
chloric acid was slowly injected and a period of ten minutes allowed 
to elapse. If no pain developed, the test was performed a second time 
and if the patient was still comfortable a third test was tried. In cases 
in which pain developed, the experiment was repeated with water 
instead of acid. 

3. The third tvpe of experiment was done in order to study the 
effect of both gastric motility and gastric acidity on the production 
of pain. After fasting from twelve to eighteen hours, the patient 
swallowed two tubes: a Rehfuss tube through which fluid could be 
withdrawn and injected into the stomach, and a tube with a condon 
balloon attached so that a record of gastric motility could be obtained 
according to the method suggested by Boldyrett and perfected by 
Carlson. The gastric contractions were recorded, and then the effect 
of withdrawing gastric juice or introducing acid or water was studied 
In cases of duodenal ulcer this procedure was repeated whenever pos- 
sible with the tube in the duodenum. This proved difficult, as inflation 
of the balloon in the duodenum produced nausea, causing its regurgi- 
tation into the stomach. However, the relation of gastric contractions 
to duodenal contraction has been studied by Ivy and Vloedman * and 
by Quigley and Solomon.*® This type of experiment was repeated as 
often as the endurance of the patient permitted. 

In interpreting the records obtained, the temperament and emotional 
state of the patient must be considered. Such emotions as fear or rage 
tend to inhibit gastric contractions (Carlson ™*). The more phlegmatic 
type of patient showed considerable gastric motility the first time the 
tube was swallowed, while the excitable patient showed no motility 
whatever. Usually after a few trials the patient lost his fear of the 
tube and motility ensued. In some cases the patient objected so strenu- 
ously to swallowing the tube that the test could not be repeated. In this 
type of case, the | "s reaction to acid could be studied, but no con- 


clusion could be reached as to the relation of motility 


Ivy, A 


4 
¥ 
to ulcer pain. 
HN. C.. and Vioedman, D. A The Small Intestine in Hunger, Am. | 
Physiol 72:99 (March) 1925 
10. Quigley, J. P., and Solomon, E. | Action of Insulin the Motility « 
the Digestive Tract: Action on the Human Duodenum; Action on the Colon ot 
Dogs, Am. J. Physiol. 91:488 (Jan.) 193 
11. Carlson, A. J.: The Control of Hunger in Health and Disease, Chicag 
University of Chicago Press, 1916. p. 151. 
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RESULTS 


In considering our results, those obtained in cases of ulcer will be 
taken first. 

The patients were found to fall into two classes: (1) those who had 
pain response to an acid stimulus but showed no pain in relation to 
wastric motility and (2) those who had no pain response to an acid 
stimulus but had pain during periods of gastric me tility. One of each 
of these types will be considered in detail, and the results in all cases 
tabulated. 

TYPICAL CASES 

CaseE 1—A man, aged 37, entered the hospital on March 31, 1931, with a 
complaint of epigastric pain coming on from about one to one and a halt hours 
after meals and also after midnight; it was relieved by soda or food. Some- 
times after he ate fried or highly seasoned foods, the pain came on immediately 
after meals, to be followed within from a half to three quarters of an hour by 
vomiting. Relief followed vomiting. These symptoms had been present for 
about ten years. 

The Ewald meal showed a free acidity of 61 and a total acidity of 76 
Fluoroscopic examination and roentgenograms demonstrated a definite ulcerous 
defect of the lesser curvature of the stomach. The diagnosis was later confirmed 
by operation. 

The patient was put on a full ward diet and his symptoms were watched. On 
April 4 the acid test was performed according to Palmer’s method 

Acid Test—Preliminary aspiration yielded 5.5 cc. of gastric juice, alkaline and 
bile stained. Then 200 cc. of 0.5 per cent hydrochloric acid was introduced. Pain 
followed in five minutes, but was relieved by aspiration. The test wa repeated 
with 200 cc. of water; no pain resulted. 

Motility Test—On April & preliminary aspiration yielded 30 cc. Of gastric 
juice with a free acidity of 0 and a total acidity of 2. The motility test gave 
negative results, but pain was present. Then 140 cc. of fluid was aspirated 
showing a free acidity of 25 and a total acidity of 30. There was relief of pain 
on aspiration. One hundred and forty cubic centimeters of water was introduced 
no pain was felt. The fluid was withdrawn in half an hour, and 140 ce. of 0.5 
per cent hydrochloric acid was introduced. Pain occurred in five minutes; this 
wis relieved by aspiration. 

Third Test: Motility and Acidity—On April 10 preliminary aspiration vielded 
85 cc. of alkaline juice. A study of contractions showed slow changes im tone 
but no contractions when pain came on and aspiration was performed Free acidity 
was 25: total acidity, 35. Relief from pain followed, and when the patient had 
been iree from pain for forty minutes, another sample of gastric junce wa taken 
revealing a free acidity of 15 and a total acidity of 25 Another pain period 
occurred later. Fifty cubic centimeters of gastric juice was aspirated, showing a 
free acidity of 30 and a total acidity of 45; relief from pain followed aspiration 
\ painless period then ensued, and 80 cc. of 0.5 per cent hydrochloric acid was 
introduced, followed immediately by pain: aspiration was again performed, but 


no relief was obtained until sodium bicarbonate, 30 grains (1.9 Gm.) was giver 


In this case the pain seemed to depend on the acidity of the gastric 
content. All aspirations done during periods free from pain withdrew 
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PCr 


gastric juice of low acidity, whereas all of those done during 


of pain withdrew a fluid with an acidity of 20 or over. The injec 


tions of acid always brought on severe pain. The pain showed n 
relation to the recorded gastric contractions. 

In 8 of 15 patients with ulcer, pain occurred in response t 
to the 


injection of hydrochloric acid and had no relation 


motility. 
Case 2.—Mrs. F., aged 29, was admitted to the hospital! on March 3, 1931. 
nplained that for the last three years she had had attacks of pain lasting h 
| 


cor 


days and occurring every three weeks. he pain was described as sharp, 
in the umbilical region and radiating from there along the left costa 
hour aiter meals and at night, and was 


1 margin t 
the axillary region. It came on about 
relieved by soda or milk and cream. 
present constantly and the patient frequently vomited, shortly after meals. Fluor 


er 


scopic examination revealed a large duodenal ulcer and the 


confirmed by operation. 


TaBLeE 1.—Results Res pon: 


Motility Test 


Number Number Number Number 
Positive Negat’ve Positive Negative Diagnosis Confirmed by 


Type of U! 


Gastric... 


Duoden: 


The patient was put on her symptoms continued : 
Acid Test—On preliminary as 
acidity of 25 and a total acidity of 35 was withdrawn. Th 


piration 200 cc. of gastric 


cent hydrochloric acid was introduced; pain was noted af 
Again 200 cc. of 0.5 per cent hydrochloric acid was introduced : 
after one-half h Two hund ubic centimeters of 0.5 per 
acid was pain was 


ntractior 


J 
foan »timu 
Acid Test 
Case 
2 Roentgenogram and operatio: 
2 Duodenal 1 1 Roentgenogram and operatio 
» Duodenal. 1 Roentgenogram and operatior 
4 Duodenal Roentgenogram and operat ; 
5 Duodenal Roentgenogram 
6 Duodenal! 4 2 Roentgenogram 
7 Duodenal. 2 Roentgenogram and operatior 
> 2 Roentgenogram and operatic 
yntinued : 
uice with a tree 
200 cc ot 0.5 per 
ter one-half hour 
no pain occurred 
-ent hydrochlor: 
felt. The patient 
Was restless and tired 
Acid Test—On March 14, preliminary aspiration yielded 100) c t gastri 
uice with a free acidity of 35 and a total acidity of 45. A Rehtuss tube was 
inserted into the duodenum. Then 50 cc. of 0.5 per cent hydrochloric acid was 
injected slowly; after ten minutes no pain was tfelt Fifty cubic centimeters 
was again injected, and after ten minutes no pain was noted. Again cc. was 
injected and no pain was telt The patient stated that she had not experience 
pain at any time 
: On March 17, during a period of pain, the gastric motility was studied Becaus 
; t the patients disit ation to swallow two tubes, only one with the allon 
attached was given her: therefore, no study of gastric acidity « uld be made 
The record showed vigorous type I contractions (Carlson '?), which occurred at 
intervals of about a minute. During every commmmmmn the patient registered pa 
12 aris« tnote ll. 44 
4 
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Our experiments on this patient then showed no pain in relation to 
vastric acidity, but indicated that the par depended on gastric motility, 
since it occurred simultaneously with each contraction if the stomach 

In 6 of the other patients with ulcer, pain occurred synchronously 
with gastric contractions and not in response to acid stimulation 

One case of ulcer confirmed by operation could not be classified in 
either group. 


Case 3.—A man, aged 60, entered the hospital in July, 1930, complain 
epigastric pain coming on trom two to four hours after meals, relieved by taking 
soda or food. Roentgenograms revealed a duodenal ulcer, and this diagnosts 
was later confirmed by operation. The patient was put on a milk and cream diet 
but his pain continued 

On July 15, the acid test according to Palmer's technic was tried. Pain came 


on when the patient had 400 ce. of a id in the stomach, one hour after the tes 
was started. This is a positive response. Two attempts were made to study the 


gastric motility but were unsuccessful because, in spite ot starvation for tourteet 
TaBLE 2.—Results in Cases Showing Pain During 


Acid Test Motility Test 
Number Number Number Number 
Type of Ulcer Positive Negative Positive Negative Diagnosis Confirmed by 
Duodenal 2 Roentgenogram and operation 
Duodenal. ... Roentgenogram 
Gastric.. Roentgenogram and operatior 
Duodenal Roentgenogram 
Duodenal! 4 Roentgenogram and operatio! 
Duodenal Roentgenogram 


hours, hunger contractions of the stomach were completely absent. Nevertheless, 
the patient registered pain intermittently during the test. Aspiration during pain 
withdrew gastric juice ranging in free acidity from 15 to 19, with a total acidity 
always of about 30. Relief never followed aspiration. The introduction of trom 
200 to 400 cc. of 0.5 per cent hydrochloric acid in no way changed the character 


of the pain. 


The studies on this patient indicate that his pain was not re lated to 


motility. However, the tube was in the stomach and the ulcer in the 


duodenum. A partial obstruction of the pylorus made it impossible to 
pass the tube into the duodenum, so we cannot be certain that duodenal 
contractions were not occurring while the test was done Studies on 
the relationship of gastric and duodenal motility, however, show that the 
contractions occur nearly together, so that one would searcely expect 
constant spasms of the duodenum while the stomach remained relaxed 
for a period of two hours. 

Nor could the acid test be considered positive. Once, to be sure, it 
cted positively, but the patient volunteered the information that the 
pain, which was long delayed, was very slight. In cases in which the 
response to acid is late and ts slight, one doubts the value of the acid 
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test. Presumably, a spontaneous pain might occur at such a time. W¢ 
have records that show that the inhibitory effect of the introduction ot 
acid on the gastric contraction disappears within half an hour, so that 
a late pain response to acid might in reality be due to motility. 

In this case our studies show no relation between the pain of ulcer 
and either gastric motility or acidity. 

The case of a man who showed no lesion of the stomach or duo- 
denum should be recorded because he reported two types of pain, on 
of which we related to gastric contractions and the other to high gastric 
acidity. 

Case 4.—This patient complained of hunger pain occurring after a long period 
without food. Another kind of pain described as sharp and knifelike and located 
in the epigastrium occurred within an hour after eating. The symptoms had beet 
present for ten years. The patient had lost 12 pounds (5.4 Kg.) within the last 
year. Fluoroscopic examination revealed no pathologic condition, and as a! 
operation was not resorted to, the possible diagnosis of ulcer was uncertain. 

Palmer's acid test was first tried. Ina preliminary aspiration 12 cc. of fluid 
was withdrawn with a free acidity of 10 and a total acidity of 25. Then 200 ci 
of 0.5 per cent hydrochloric acid was injected. Within five minutes a sharp and 
knifelike pain came on, similar to the type of pain that the patient experienced 
aiter eating. This pain was relieved by the administration of 25 grains (1.6 Gm 
of sodium bicarbonate. 

A few days later, after a fasting period of twenty-four hours, the gastri 
motility was studied. The patient was complaining of hunger pain at the time 
that the record was taken. The gastric contractions were vigorous at first, and 
the patient registered pain simultaneously with each contraction or whenever the 
tonus was high. A quiescent period came on, and the pain ceased. At this time 
100 ce. of hydrochloric acid was introduced. In five minutes the patient registered 
pain, which he described as the sharp epigastric pain that he usually felt after 
meals. He continued to register pain until 75 cc. of fluid had been withdraw: 
from the stomach; 100 cc. of water was then injected into the stomach. No pat 


followed. 


In all except one of our definite cases of ulcer pain has occurred 
either with gastric contractions or with high gastric acidity. Case 4 1s 
interesting as it shows that in certain persons pain can accompany b th 
conditions. Since no definite diagnosis was made, no c mclusions can 

} 


be drawn. The man may have had neurasthenia and been more sensitive 


than the normal to visceral conditions. 


In 9 cases of epigastric pain with no demonstrable lesion of 


‘ly to the acid 


stomach or duodenum, 6 of the patients reacted positive 
test. Pain did not occur synchronously with gastric contractions mm an 
of these cases. 
DIRECT APPLICATION OF ACID TO ULCER 
Hydrochloric acid, in dilutions of 0.5 per cent, 1 per cent and 3 per 
cent, was applied directly to the ulcer in 4 patients with gastric and 


duodenal ulcer during operation under local anesthesia. No pain 
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response was elicited. The patients, however, responded with pain when 


the mesentery was pulled or when an unanesthetized area ot the skin 
was pinched. Two of these patients gave positive results tor acid in 
the Palmer test, and 2 gave definitely positive reactions to the motility 
test. 


COMMENT 


The striking division of our cases into those showing a positive 
pain response to acid but a negative motility response and into a second 
group showing a positive motility but a negative acid response ts some 
what difficult to explain in view of some of the previous observations 
on the mechanism of pain in ulcer. Palmer and others have empha 
sized the importance of acid in the production of pain He spoke of 


the condition necessary for the positive reaction to acid as “a sensi 


TABLE 3.—Results in Cases of Epigastric Pain Without Demonstrable Gastr 


or Duodenal Lesions 


Acid Test Motility Test 
Number Number Number Number 
Case Condition Positive Negative Positive Negative 
1 Disease of gallbladder. ‘ 1 
2 Disease of gallbladder l 1 


Disease of gallbladder 
Disease of gallbladder 
» Chronic appendicitis.. 
6 Neurasthenia. 
7 Neurasthenia 
8 Neurasthenia 
9 Neurasthenia 


tivity of the pain-producing mechanism.” He did not, however, define 
the factors of this pain sensitivity. He indicated that the quantity and 
the degree of acidity are important. Our observations on the direct 
application of acid to the ulcer would indicate that acid is not per se 
the important factor. Nor can increased general susceptibility to pain 
he a factor, for one of us has observed that patients with peptic ulcer, 
when subjected to tests for pain, respond in a normal or subnormal 
manner and are not hypersensitive. Konjetzny,'* Faber '* and others 
have called attention to the pyloric gastritis in gastric and duodenal 
ulcer. This gastritis occurs in the duodenum as well as in the antral 
portion of the stomach. The “sensitivity” to acid, using the expression 
of Palmer, we believe is due to the associated gastritis. This also offers 
a reasonable explanation for the recurrent periodic attacks of pain 


Clinical observation recognizes the occurrence of gastritis of varying 


degree in cholecystitis and appendicitis. The positive acid response it 
13. Konjetzny, G. E.: Beitr. z. path. Anat. u. z. allg. Path. 71:595, 1923 
14. Faber, K.: Chronic Gastritis in Relation to Asphyxia and Ulcer, Lancet 


2:901, 1927 
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these cases can readily be explained on the basis of sensitivity to acid 
because of the gastritis. The failure to obtain hunger contraction in 
these conditions is readily explained by the lack of tonus and contrac 
tions that invariably accompanies varying degrees of gastritis. 

How shall we explain the group of gastric and duodenal ulcers that 
do not give a positive response to acid but are positive for gastric 
hunger contractions? One possibility is that mechanical obstruction, 
due to relative duodenal stenosis or duodenal narrowing, may intensify 
the hunger contractions. Although many of the cases at operation 
revealed varying degrees of duodenal narrowing with scar formation, 
it does not seem to us that this offers an explanation of pain syn- 
chronous with hunger contractions in all cases. Carlson has called 
attention to the fact that there are persons who respond definitely with 
painful sensations to normal hunger contractions, independent of any 
organic lesion in the stomach. These persons may be considered hyper- 
sensitive to the gastric motor mechanism. Is it not conceivable that in 
ulcer a similar condition may exist? We are still at a loss to explain 
the negative response to acid. Our observations on the stomach and 
duodenum of these patients also reveal a moderate degree of gastritis. 
It is conceivable that the sensitivity to acid is dependent on the varying 
degree of gastritis and that in the absence of this gastritis the domi- 
nating factor is not the acidity but gastric motility ? 

According to Hurst,’® the only stimulus that causes any sensation 
in the stomach and intestine is tension—"‘slight tension, the sense of 
fullness, greater tension the sense of pain.”” He advocates the view that 
“acid acts indirectly by giving rise to a protective reflex, which results 
in achalasia of the pyloric sphincter. . . . Achalasia and spasm of 
the pyloric sphincter only cause pain indirectly by preventing the reliet 
of this tension in the pyloric vestibule, which the normal opening of the 
sphincter and the passage of chyme through the pyloric canal into the 
duodenum causes on the approach of each peristaltic wave.” Our con- 
ception of the manner in which gastric motility produces pain in gastric 
and duodenal ulcer is one that is intimately associated with changes 
in the blood supply in and about the ulcerous area. Increased gastric 
contractions and gastric peristalsis we think are associated with deple- 
tion of the vascular bed in and about the ulcerous area, producing 
ischemia, asphyxia and resulting pain. In a previous communication 
( Mever and Kartoon '*) we advanced this hypothesis and suggested that 
the relief of pain on the intake of food, soda or spirits is intimately) 
associated with improvement in the circulation of the stomach and 


15. Hurst, Arthur F., and Stewart, Matthew J.: Gastric and Duodenal Ulcer. 
London, Oxford University Press, 1929, p. 159. 


16. Meyer, Jacob, and Kartoon, Louis B.: Effect of Intravenous Injection of 
Foreign Protein on Peptic Ulcer, Arch. Int. Med. 46:768 (Nov.) 1930. 


VEVYER ET AL—GASTRIC MOTILITY I. EF] ULCER 347 


local vascular improvement about the ulcerous area. Increased peri 
stalsis in hunger or at the end of a meal results in a depletion of the 
vascular bed in and about the ulcerous area, with resulting asphyxia, 
edema and pain. This hypothesis offers a reasonable explanation of 
the rhythmical character of the pain in ulcer which is entirely inde 
pendent of acidity. It may likewise be the explanation of the para- 
doxical fact that acid, such as hydrochloric, or some other irritant gives 
relief from pain in ulcer in some cases. 


CONCLUSIONS 

1. The results indicate that hydrochloric acid is not responsible for 
the pain in all cases of peptic ulcer. 

2. As a result of experimental and clinical studies, we suggest that 
the pain in gastric ulcer is due to acid sensitivity when an associated 
gastritis is present. This same mechanism prevails in cholecystitis, 
appendicitis and probably colitis. 

3. Pain in gastric and duodenal ulcer may be due to gastric hunger 
contractions and gastric motility. 

+. The mechanism by which pain is produced by the hunger con 
tractions and motility we believe is a depletion of the vascular bed in 
and about the ulcerous area resulting in asphyxia, edema and _ pain. 

5. The positive acid response in cases without intrinsic gastric 
and duodenal lesions, as in disease of the gallbladder, chronic appendi- 


citis and gastric neurosis, would indicate the unreliability of “the acid 
test” for gastric and duodenal ulcer. 
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Book Reviews 


The Action of Muscles Including Muscle Rest and Muscle Re-Education. 
By Sir Colin Mackenzie, M.D., F.R.C.S., F.R.S. (Edin.), Professor of 
Comparative Anatomy and Director of the Australian Institute of Anatomy, 
Canberra; formerly member of the Council of the Anatomical Society 
Great Britain and Ireland, and of the Staff of the Military Orthopaed 
Hospital, Shepherd's Bush, London, and Examiner in Anatomy to the Um 
versities of Melbourne and Adalaide; Co-Editor of “Treves’ Surgical 
Anatomy.” Second edition. Price, $3.50. Pp. 288, with 100 illustrations 
New York: Paul B. Hoeber, Inc., 1930. 

At the February meeting of the Congress on Medical Education, Medical 
Licensure and Hospitals, one session (on February 16) was devoted to physical 
therapy. This evidence of the increasing importance attached by the medical pro- 
fession to this subject explains somewhat the demand for a second edition of this 
book, for, as Mackenzie says, physical therapy is myology, and it is only “a 
question of time when a Department of Myology will be a principal feature in 
every orthopedic institution.” Muscles constitute more than 40 per cent of the 
weight of the ordinary man; treatment of their disabilities furnishes most of the 
work of the physical therapeutists, and a better understanding of their mode ot 
action has already led to great improvement in treatment, in reeducation of 
muscles and in the after-lives of patients, especially of those disabled by polio- 
myelitis or wounds sustained at war. The results obtained by Mackenzie and 
others are so surprisingly good that study of the subject becomes an urgent 
obligation of the medical profession. 

The first part of the book deals with general principles; the second and larger 
part, with particular muscles. Among the principles, some that are emphasized 
especially are: 

1. The part actually played by a muscle is not easy to detect. It cannot be 
predicted a priori. It must be studied in action on the living body. The skill 
ot palpating fingers is the only reliable guide. 

2. Muscles act individually as units; one part cannot have an action opposing 
that of another part. 

3. Each has an antagonist. Voluntary stimulation of a prime mover effects 
the relaxation of the antagonist. Such relaxation is a guide to determining the 
real function of prime movers. Judged by this criterion, the brachialis is the 
real flexor of the forearm and not the biceps, since stimulation of the brachial 
only is accompanied by relaxation of the triceps. 

4. Absolute rest is essential in treatment. The notion that massage is necessary 
to preserve a muscle temporarily paralyzed is quite wrong. 

5. The only real test for muscle recovery is scientifically directed volitional 
movement. 

6. Muscles have several separate functions acquired serially in the course 
of evolution. The loss of function and its recovery follow in the patient the 
same order as did the development in evolution. 

Whether one agrees with Mackenzie's statement of all these principles or not. 
the interest and therapeutic importance of them are obvious. The practical 
physician and nurse will be interested in comparing the statement of the actions 
of specific muscles with those made by other workers, especially with those of 
Miss Wright in this country. For the most part, they agree; sometimes, as in 
the case of the biceps brachii, they do not agree perfectly. In these instances, 
Miss Wright's statement seems to be in accord with the actual working of these 
muscles, as observed by the reviewer. 
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\n especial feature of this book lies in the understanding and practical applica 
tion of the evolutionary history of muscles, for they lose their actions and reacquire 
them in an order that is in strict accord with their progressive evolution. Few 
authors have ever brought to the consideration of muscle action in man s: 
thorough an understanding of comparative anatomy and evolution 

The second edition contains a new section on the evolutionary role of muscles 
in the development and maintenance of the erect posture characteristic of man 

The book is both scientific and practical. It deals at an opportune time wit! 
in interesting and important subject. It cannot fail to be of great interest to all 
who seek to understand the action of muscles and to treat their disabilities. The 
application of some of the principles, not generally recognized, which are set forth 
clearly and convincingly, should result in saner treatment and much more com 
plete restoration of function than has been expected hertotore even more than was 
thought possible by most workers 


Die Dickdarmschleimhaut, ihre normale und pathologische Funktion im 
Rontgenbilde. By Dr. Werner Knothe. Price, 8 marks. Pp. 53, with 113 
illustrations. Leipzig: Georg Thieme, 1932. 


In this monograph the author has attempted to show the value of the roentgen 
ologic “relief picture” of the colonic mucosa. 

The technic for the preparation of the patient for study of the colon is described 
lhe bowel should be entirely empty. This is accomplished by giving enemas 
several times during the two days preceding the examination. As contrast material 
the author uses a mixture of three parts of barium sulphate prepared for x-ray 
work and seven parts of water. The contrast enema is given under fluoroscopic 
control with the patient in the prone position. The detail studies are made after 
the bowel has been emptied as completely as possible, the mucosa being covered 
with only a thin film of the contrast material. 

After a short discussion of the anatomy and physiology of the normal colon, 
the roentgenographic appearance is described and illustrated. Three types are 
distinguished, namely, the quietly segmenting, the actively segmenting and the 
contracting. In all of these the folds of mucosa are quite uniform 

The greater portion of the first half of the monograph is devoted to manifesta 
tions of functional disturbances of the colon. In the author's opinion these findings 
are brought about through vagus irritation. They represent a state of spasm 
of the mucosa associated with a spasm of the muscularis propria. This leads 
to a disordered formation of folds even though there are no evidences of inflam 
mation or other anatomic changes in the bowel. To prove this point he has 
studied the effect of cold enemas, pilocarpine and atropine on the colon. The first 
two definitely stimulated the bowel, throwing the mucosa into an increased number 
of irregular folds. Atropine relaxed the bowel after stimulation by cold or pile 
arpine. These effects are illustrated. 

The second half of the monograph deals with pathologico-anatomic changes 
of the colon. The development of nonspecific ulcerative colitis is divided into 
three stages each of which may be distinguished roentgenologically. The first 
or acute stage is characterized by broad areas of swelling, ulceration and under- 
mining of the mucosa. In the second stage the ulceration and undermining dis- 
appear and the swelling subsides considerably. This suggests that healing is taking 
place, and in most cases the process does not extend beyond this stage. The 
characteristic of the third stage is its rather finely granular appearance without 
evidence of swelling. Very little is said about the roentgen findings in tuberculosis 
of the colon because the author states that this subject will be dealt with at 
another time. It is stated that appendical disease may result in cecal irritability. 
Diverticula of the colon produce irritation or partial obstruction only when 
secondary infection is present. No evidence of carcinomatous degeneration in 
diverticulosis was seen in the forty cases studied. Finally there is a short discus 


4 


ARCHIVES OF INTERNAL MEDICINE 


sion on changes in the relief picture by a neoplasm. Here also signs of irritability 
of the colon develop only after there is secondary infection of the lesion. 

This monograph is highly recommended to those interested in diseases and 
disturbances of the colon. Its chief value lies in the numerous and exceptionally 
good illustrations. The text is primarily devoted to their explanation. 


Herz und Angst. by Professor Ludwig Braun. Price, 6 marks. Pp. 119 

Vienna: Franz Deuticke, 1932. 

New points of view are likely to be stimulating and provocative. Such, indeed, 
describes the reviewer's reaction to the monograph of Professor Braun. The 
main line of argument relative to the important place that the symptom “Angst” 
takes in the clinical picture of cardiac disease is instructive and well repays the 
interest of the reader. The usual physical phenomena of cardiac disease are not 
emphasized. There are no description of pathology, little mention of standard 
methods of diagnosis and almost no mention of medical treatment. The monograph 
is devoted to the psychologic and emotional aspects of cardiac disease, especially 
as they are manifested in patients with the anginal syndrome. The discussion turns 
largely about the meaning of the word “Angst,” its derivation, its development 
through various literatures and its significance to the physician at the bedside 
in the presence of the patient, whose outlook on life has been abruptly and funda- 
mentally altered. Differing from fear in that it has nothing outside itself of 
which to be atraid, “Angst” appears where life is endangered as a “protective 
reaction in the lower, a conscious sensation in the higher organism.” It is the 
constricting, tightening, crushing sensation, indescribable, unbearable and dreadful, 
which, once experienced, changes the entire emotional outlook of its victims. “The 
specific sensation of the heart, its psychic signature, its speech, is the “Angst- 
empfindung.” 

This description of the emotional and psychologic status of the patient who 
has once endured the “Angst” of cardiac disease is calculated to widen the mental 
horizon of the practitioner, to give him a far better insight into the mind and 
character of the patient with angina than he has thought of before. On the other 
hand, the chapter on the “Diagnostic Significance of the Angsttraumes,” so 
permeated with Freudian psychology, carries little conviction, especially to one 
unschooled in this system of psychology. 

A final chapter on euthanasia is unrelated to the main theme of the book. 
As the title implies, this chapter is devoted to a discussion of a subject that may 
be academically plausible, but practically is far short of justifiable. Few are 


the physicians who wish to add to the power already possessed to relieve pain, 
the responsibility inevitably attendant on the right to end it. 


Psychology and Psychiatry in Pediatrics: The Problem. Subcommittee 
on Psychology and Psychiatry, White House Conference on Child Health 
and Protection. Bronson Crothers, M.D.. Chairman. Price, $1.50. Pp. 146 
New York: Century Company, 1932. 

The main thesis defended in this report is that adequate medical care of the 
child cannot be given without intelligent attention to any intellectual and emotional 
difficulties that may be present. Physicians are warned that unwillingness on their 
part to acquire the ability to deal wisely with problems involving the personality 
of the child may lead to transfer of this field to formal organizations or t 
persons without medical experience, which will diminish the prestige of the medica! 
practitioner. There are extracts of discussions by Esther Loring Richards 
Borden S. Veeder, Adolf Meyer, Douglas Thom and others. The workings of a 
typical child guidance institute are described in detail. 
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